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CHAPTER I 
INTRODUCTION 
The development of replacement females with maximum productivity 
at a minimum cost is of utmost importance to the cow-calf industry. 
The plane of nutrition during early life has been shown to have broad 
implications on the consequent growth, production and reproduction of 
many species. The detrimental effects of a low plane of nutrition 
during the growth period on subsequent performance of animals has been 
recognized for many years. Recently, the possible detrimental influence 
of a high plane of nutrition during the growth period of mammals has 
been studied. 
Some research has been conducted to determine the effects of 
plane of nutrition during early life upon subsequent performance 9f the 
bovine female (Reid~!!·, 1957a; Pope, 1955; Pinney~!!· , 1962; 
Swanson, 1960). No rese~rch, however, has been conducted with beef 
cattle in which treatments were limited to the preweaning period. 
The present study was conducted to measure the influenc~ of the 
preweaning plane of nutrition on consequent growth, lactation and 
reproductive performance of Angus and Hereford cattle. 
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CHAPTER II 
REVIEW OF LITERATURE 
A very high or a very low plane of nutrition during the develop-
mental stages of life is detrimental to the growth, productivity, re-
productivity and longevity of an animal (McCay, Crowell and Maynard, 
1935; Sherman and C~mpbell, 1937; Maclntyre and Aitken, 1959). The 
purpose of this review, in general, is to report the effects of the 
plane of nutrition during all stages of life on the growth, productivity 
and reproductivity of animals, and specifically, to report the effects 
of the preweaning plane of nutrition on the growth, productivity, 
reproductivity and longevity of the beef female. In this review the 
effects of nutrition are presented according to the chronological 
development of the animal, first the effects of the prenatal plane. 
The Effects of Prenatal Plane of Nutrition 
Christenson~~· (1967) fed Hereford heifers a ration containing 
either 196 or 127 kcal. of D.E. per kg metabolic weight (B.w. 0 ·75) per 
day for a 140-day pre-partum period. The cows on a high plane of 
nutrition produced calves that were 3.3 kg heavier at birth and 13.6 
kg heavier at 8 weeks of age. 
Joubert (1954) found that Holstein, Jersey, Shorthorn and Afrikaner 
cows fed a high plane of nutrition during early growth and during gesta-
tion have heavier calves at first parturition than cows fed a low plane. 
2 
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Joubert (1954) found that although the low plane cows had calves that 
weighed less at birth, successive weights indicated that the prenatal 
plane of nutrition of the dam had no permanent influence on the growth 
of the progeny. Reid et ~· (1957) reported that Holstein heifers fed 
65 percent of Morrison's upper TDN requirement from birth to weaning 
had calves that were smaller than the first calves weaned by groups fed 
100 and 140 percent of Morrison's TDN requirement. Ex.pressed as a per-
cent of dam's weight, however, the birth weights of the first calves 
were 9.7, 8.3 and 7.8 percent, respectively, for the low, medium and 
high groups. 
The heavy feeding of mature Hereford cows for 5 months before 
calving did not significantly affect weaning weight of the calves as 
compared to normal feeding (Pope,~~., 1963). Similar results have 
been shown by Joubert and Bonsma (1957) and Eckles (1918). Eckles 
(1918) reported that Jersey and Holstein cows on a low plane before 
calving produced calves that weighed only .9 kg less at birth than 
calves from cows fed a high plane. He explamed that the fetus is 
nurtured by the blood stream which remams rather constant in composi-
tion even under adverse conditions of nutrition. If a constituent of 
the blood is deficient, the body stores are drawn upon to replenish the 
blood supply. Therefore, at a very low feeding level during the gesta-
tion period, the fetus is nourished at the expense of the dam's tissues. 
The Effects of Postnatal Plane of Nutrition 
The Effects of Restrictmg the Plane of Nutrition During Early Life 
The plane of nutrition during early life is of utmost importance 
to the growth, reproduction, longevity and production of an animal and 
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these effects will be considered in that order. 
Growth. Essentially, growth is a preparation for life and any 
interruption of growth will influence the later developing physiologi-
cal tissues relatively more than the earlier developing tissues 
(Moulton, Trowbridge and Haigh, 1921; McMeekan, 194Qa,b,c; Hammond, 
1955; Stuedemann, 1967). This differential growth rate was studied 
intensively by McMeekan (1940a,b,c) and Palsson and Verges (1952). In 
the former study, animals of the same chronological age were found to 
differ in their physiological age, especially if they were subjected to 
different planes of nutrition. McMeekan (1940c) discovered that pigs 
on a low plane of nutrition before weaning were similar to the primitive 
and unimproved form. He explained this phenomenon on the basis of 
differential response of tissues to various nutritional planes due to 
differential growth rates of tissues and the resultant prior claim of 
the earlier developing parts to nutrients. According to McMeekan 
(1940c), restriction of growth during early life affects the later 
maturing tissues relatively more than the earlier maturing tissues. 
The six extremities grow the fastest, gradating toward a common point 
in the latest developing lumbar regions. 
In animals retarded for the first 8 months of life, retardation of 
growth was greatest in fat tissue followed respectively by lean and 
bone. As the level of nutrition decreased in early life, the percent 
fat increased as measured at the time of slaughter (Winchester and Howe, 
1955; Hammond, 1960). According to Widdowson, Dickerson and Mccance 
(1960) severe undernut~ition cannot prevent some developmental pro-
cesses, although some processes are inhibited and some are reversed. 
They also reported that when compared to the composition of skeletal 
tissues, the composition of the vital organs is affected the least by 
severe undernutrition during early life. Guilbert and Gregory (1952) 
found an anterior to posterior gradient in growth of Hereford cattle. 
Crichton, Aitken and Boyne (1960a) found that skeletal tissue matures 
before body weight. 
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Foote~.!±· (1959), however, studied pregnant ewes which were 
subjected to various sequences of grass-alfalfa hay and the grass-
alfalfa hay plus concentrate. Upon slaughter and examlliation of the 
tissues and organs of the fetuses at various stages of development, 
there was no evidence of a differential effect due to feed. Guenther 
(1965) reported that early nutrition level did not affect bone develop-
ment significantly. 
Elsley and McDonald (1964) reanalyzed McMeekan's work and ques-
tioned his theory of priority of tissues for nutrients. When McMeekan's 
data was adjusted to a constant fat content, there was no effect of 
plane of nutrition on total weight of bone or total weight of muscle in 
proportion to the total weight of bone and muscle. Elsley and McDonald 
(1964) did concede that extreme restrictions, especially jn the early 
stages of growth can upset the balances that exist between tissues. 
Lister and Mccance (1967) reported that rehabilitated pigs appeared to 
be fatter, but the ratio of muscle to bone was that expected for normal 
pigs. 
Jackson and Stewart (1920) studied the effects of different planes 
of nutrition on the rates of tissue growth. Albino rats were retarded 
from birth to 3, 6 and 10 weeks of age. After refeeding, the rats grew 
variably, but usually did not reach normal adult size. The final body 
size varied according to the length of the retardation period, the 
6 
severity and nature of retardation and the sex. In rats fed to maximum 
body weight after retardation, the body and tail were slightly shorter 
than norm.al, but the head, limbs and trunk were nearly normal in weight. 
Growth is not completely stopped by a low plane of nutrition, its 
rate is merely altered, and the period of growth is extended. Steens-
berg (1940) and P:i,.nney et al. (1962) reported that cattle maintained on 
-~ ' 
a low plane of nutrition for a long period of time adjusted to a more 
economical growth rate than cattle more liberally fed. 
The length of time an animal is on a restricted diet determines to 
a great extent its ability to reach mature size. Experimentation in 
many species has shown this to be the case. Holstein heifers fed at a 
rate of 60 to 70 percent of Morrison's upper TDN requirements for the 
first 2 years of life had not reached the weights of cattle fed 140 to 
160 percent of Morrison's upper TDN requirements by the fifth lactation 
(Bratton et!!·' 1957). According to Pope (1955) and Hogan (1929), 
beef cattle on a low plane of nutrition for the first three years or 
longer do not usually reach norm.al mature size, but this growth retard-
ation does not cause conformation abnormalities. Lister and Mccance 
(1967) reported that if pigs are subjected to severe undernutrition 
early in life, they do not attain their possible genetic potential. 
They stated that at a certain chronological age bones fail to respond 
to the amount of growth hormones present in the circulation and, thus, 
causes cessation of growth at that time. 
Widdowson and Mccance (1963) found that rats stopped growing at a 
fixed chronological age and not at a fixed body size. Wardrop (1966), 
in studying the effect of plane of nutrition during rearing on permanent 
body size in Holsteins and Hereford X Holstein crosses stated that the 
critical period for the bovine may be the first 3 weeks of life (the 
non-ruminant stage). 
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According to McCay et~· (1939), rats, after being retarded for 
1000 days, were capable of growth, but retardation for 300 days prevent-
ed the rats from attaining maximum size of normal rats. Reid et ~· 
(1957a) studied Holsteins stunted by restrict:i.hg energy to 65 percent 
of Morrison's upper TDN requirement from birth to first calving. He 
found that the restricted cattle retained a considerable capacity to 
grow, up to 4 years of age provided they were fed adequately at that 
time. He also found that high level cows (140 percent of Morrison's 
upper TDN requirements from birth to first calving) constantly main-
tained a weight advantage over the medium (100 percent) and low (65 
percent) groups as late as 7 years of age. When growth is resumed 
after a period of retardation, it occurs at a much more rapid rate 
(Osborne and Mendel, 1914; Winchester, Hiner and Scarbrough, 1957). 
Reproduction. The age at which heifers become sexually mature is 
affected markedly by the level of nutrition during early life (Joubert, 
1954; Reid ,tl al., 1964; Crichton ,tl ~·, 196oa). Sorensen ,tl ~· 
(1954) fed Holstein heifers 140 percent, 100 percent, and 60 percent of 
Morrison's TDN standards. They discovered that the group fed 140 
percent reached first estrus at 37.4 weeks, whereas the groups fed 100 
percent and 60 percent reached estrus at 47.1 and 65.0 weeks of age, 
respectively. Bratton ~ ~· (1957) found almost identical results 
when they fed the same levels of TDN. 
Reid ~ al. (1957a) and Crichton et ~· (1960a) showed that al-
though dairy cattle reached first estrus at different ages, all dairy 
heifers came into heat at about the same heart girth size, body length 
and wither height. Therefore, it can be said that skeletal size or 
physiological age is a more dependable predictor of sexual maturity 
than chronological age. 
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Much work has been done on the effect of level of nutrition on age 
at puberty in other species. In work by Joubert (1954) with rats a low 
plane of nutrition delayed puberty an average of 221 days. In one test, 
some rats on a low plane of nutrition did not breed until the normally 
fed rats were approaching menopause (Osborne, Mendel and Ferry, 1917). 
Asdell and Crowell (1935) compared rats fed a good quality ration ~ 
libitum to rats fed to maintain a constant weight of WJ grams and rats 
fed to maintain a constant weight of 80 grams. As the severity of 
nutritional treatment increased, they observed an increase in the age 
at which the vagina opened, but a decrease in the weight of the rat at 
the time the vagina opened. As severity of treatment increased, age 
and weight interval between occurrence of first estrus and the opening 
of the vagina increased. 
When chicks were restricted during the growth period, sexual 
maturity was delayed 2 to 4 weeks (Schneider, Behrens and Anderson, 
1955; Sunde et al., 1954; Quisenberry et al., 1959). Milby and Sherwood -- --
(1953) found that restricted nutrition for the first 12 weeks of life 
of chicks delayed sexual maturity by 2 weeks. The amount of feed re-
quired to reach puberty, however, was the same as that required by 
well-fed chicks. 
The work done in chickens is pertinent to the study of the effects 
of nutrition on ovulation. Schneider et !1· (1955) found that the 
early egg size of chicks restricted during growth was smaller, but 
there was no significant difference after 32 weeks of age. The total 
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number of eggs was the same for both groups. 
Reid~!.!· (1957a) studied the number of services per conception 
in Holsteins for three levels of nutrition during early life (140 per-
cent, 100 percent and 60 percent of Morrison's upper TDN requirement). 
He found little difference in number of services per conception for 
the first two parturitions. In an experiment with similar treatments, 
Bratton et al. (1957) found no significant differences (P ).05) between --
number of services per conception for the first five breedings. 
Gossett and Sorensen (1959) studied the reproduction of gilts on 
two planes of energy; 55 and 9.3 therms of productive energy per 45 kg 
I 
weight. Gilts on the lower energy level had a larger number of normal 
40 day iiving embryos than gilts on the higher plane. 
longevity. Sherman (1955) working with rats stated that diets 
which produce rapid growth also increase longevi~y. Hansson (1956), 
I 
however, reported an increase in metabolic activity of the body with 
increased feeding intensity. This indicates that a high plane of 
nutrition possibly decreases longevity. Osborne and Mendel (1914) and 
McCay et al. (1935) working with rats agree with this conclusion. --
Restriction of energy and protein during the growing period of chicks 
did not affect mortality during the growing period, but decreased 
mortality significantly in the mature animal (Sunde ~ !.!·, 1954; 
Schneider~!.!·, 1955). Riesen et al. (1947) reported an increase in --
longevity of rats restricted in energy for the first 100 weeks of life, 
but they found an increase in death rate in early life. Although they 
found no difference in the number of respiratory infections, there were 
significantly fewer tumors !or animals that were restricted in energy. 
Perhaps these contradictions can be explained by the fact that the 
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authors did not make c;Lear exactly what nutrients were. deficient. An 
excess of energy is more import~t in decreasing longevity than an ex-
cess of protein or any other nutrient. 
Productivity. Holtz, Erb and Hodgson (1961) and Christian, Hauser 
and Chapman (1965) reported that those factors that contribute to 
rapidity of early growth do not contribute to subsequent milk yields. 
Holtz, Erb and Hodgson ( 1961) collected 393 milk records from 200 cows 
of the :following breeds: Guernse~, Jersey and Holstein. Average daily 
gain (from birth to 6 months of age) and 4 percent F.C.M. (fat corrected 
milk) yields per 454 kg cow wt. (for first lactation) were negatively 
correlated. Reid~!!· (1957) studied milk production records On 102 
Holsteins for the first five lactation periods. They found that plane 
of nutrition during early life had no significant effect upon the milk 
yield during any lactation period. There was a trend, however, for 
the cows on a low plane of energy to produce more 4 percent F.C.M. in 
the fourth and fifth lactation periods than the cows fed the medium and 
high planes. 
These trends were also found by Swanson and Spann (1954) in tests 
with Jersey cattle and rats. They found that the concentrate fed 
heifers (fed ~ libitum until weaning) gave less milk than the restrict-
ed heifers. In the rat experiment, rats fed 80 percent of normal ra-
tions raised a larger percentage of their young to a heavier weight at 
21 days of age than the overfed rats. This was attributed to the lack 
of development of the mammary glands in the overfed rats. 
Crichton et al. (1960a) noted that Holstein, Ayrshire and Holstein --
X Ayrshire cross cows on a continuously high plane of' nutrition entered 
production 3 to 4 months earlier than those cattle on continuously low 
11 
plane. The low plane cows, however, were much more eco~omical pro-
ducers of F.C.M. than the high plane cows. Kieffer (1960) published 
evidence that there is a possible breed difference as to the consequen-
ces of preweaning nutrition on future performance. He found a negative 
regression of performance of daughters on performance of dams in Angus 
but not in Herefords. Christian, Hauser and Chapman (1965), Totusek 
(1968) an~ Koch (1969) indicated a detrimental relationship between 
high plane of preweaning nutrition and subsequent maternal ability of 
the beef cow. The same relationship was observed in dairy cattle by 
I 
I 
Wallace (1953), Swanson and Spann (1954) and Hansson (1956). Supposedly 
the physiological mechanism was the deposition of fat in the udder pre-
venting the development of alveolar tissues. Mangus and Brinks (197la) 
studied the records of 610 Hereford cows (2,226 calf weaning weights) 
and reported product moment correlations of the cows' weaning weight, 
weaning age and wean-score with MPPA (Most Probable Producing Ability) 
of 0.14, 0.05 and -0.02, respectively, indicating a low relationship 
between these factors and cow productivity. They did find a trend, 
however, for high weaning weight to be associated with low subsequent 
maternal ability. 
The Effects of Restricting the Plane of Nutrition During Later Life 
Growth. Cattle fed at 62 and 66 percent of standard TDN intake 
can sustain growth at a rate of 70 to 75 percent of normal growth 
(Hansson, 1956; Swanson, 1960; Reid et~., 1964). Bal, Barnes and 
Visscher (1947) studied weanling mice fed an energy deficient diet. 
This diet delayed occurrence of sexu,al maturity but did not diminish 
the capacity for maturation. This result indicates that the ability to 
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grow is not limited to a particular period of life. To the contrary, 
if an animal that has been restricted is allowed a high level of nutri-
tion, growth will occur. This was substantiated by Thomas (1952) who 
found that Angus and Hereford heifers wintered at a low level made less 
gain than either medium or high level heifers during winter, but made 
the most gain on grass the following summer. Pinney et ~· (1962) re-
ported that Angus and Hereford cows on a low plane during winters 
rustled more and made more economical gains. 
Palsson and Verges (1952a,b) designed an experiment patterned after 
that of McMeekan (1940~) to determine the effects of level of nutrition 
throughout life on the differential growth of tissues, organs and sys-
tems. Palsson and Verges (1952a) stated that organs develop at a rate 
correlated with their function. Nervous tissue was found to be the 
earliest developing followed by skeletal, muscular and fatty tissues in 
that. order. There was significantly less bone in calves fed a contin-
uously low plane of nutrition. Bones develop in length before they 
develop in thickness. Shape of bones is more affected by nutrition than 
the weight. The later maturing bones such as the femur or pelvis are 
more affected by nutrition than the earlier maturing bones. All 
tissues evidence recuperative powers to a great extent unless their 
period of high growth intensity has passed. 
Reproductivity. Smithson ,tl ~· (1966) found that Hereford and 
Angus cows on a high plane of nutrition calved earlier than cows on a 
low plane, until the fourth productive year at which time there was no 
difference in time of calving. 
Wiltbank et al. (1964! studied reproduction in Hereford cows fed --
five levels of TDN for the last 140 days of pregnancy. Treatments in 
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kg of TDN per day were: I, 5.7; II 7.5; III, 11.3; IV, 3.9, for 28 
days, then 7.5; and V, 3.9 for 28 days then 11.3. They reported a sig-
nificant difference (P<:.01) for interval from calving to first estrus 
ranging from 49 days for Group II to 82 days for Group V. Groups III 
and V had larger follicles and greater ovarian volume (P .<.01) than the 
other groups. Group V had the best conception rate of 87 percent com-
pared to 83, 54, 46 and 31 percent, respectively, for Groups III, I, IV 
and II. Cattle on rations that were either lower in TDN (Group I) or 
higher in TDN (Group III) than that recommended by N.R.C. experienced a 
significant (P<.05) 30 day delay in the onset of estrus. More (P <:.05) 
cows on lower caloric rations failed to show estrus. 
Totusek et al. (1961) compared reproductivity between an extremely --
high level of nutrition and a moderate one. They employed a paired 
experiment using twins, one of which was placed on an adequate diet 
with only enough energy to promote from .23 to .30 kg gain per day. 
The other twin was placed on a full-feed of corn. There was little 
difference in breeding efficiency between treatments, but the high 
I 
level cows had more calving difficulties, more calf losses and more cow 
losses. Bradford, Weir and Terrell (1961) compared range-reared ewes 
to ewes that were reared on irrigated pasture and fed hay and grain in 
drylot during the winter. These treatments ~ere imposed from 6 to 16 
months of age after which both groups were allowed to graze the same 
range. No significant difference was found between treatments (P'.>.05) 
in number of lambs born but the difference in number of lambs raised 
was significant (P"'"'.09) favoring range-reared ewes. The fed ewes were 
larger but this was not a benefit to them in terms of number of lambs 
weaned. 
Longevity. As in studies of restricted diets prior to weaning, 
animals restricted all of their lives live longer than moderately fed 
animals (McCay et al., 1935; Ball and Visscher, 1947; Zimmerman, 1958; 
Pinney, 1962; Arnett, 1963). 
Production. It is generally recognized that cows on a low plane 
of nutrition do not produce significantly less milk than cows on a high 
plane if they are well fed before parturition (Swanson, 1960; Pope et 
~., 1963). It is also the consensus of researchers that a lean cow 
will remain a good milker over a longer period of time than an excess-
i ve1y fat cow (Hughes, 1971). Broster, Ridler and Foot (1958) found 
that prepartal treatment of Shorthorns and Holsteins did not signifi-
cantly affect milk production. Swanson and Hinton (1962), however, 
found that feeding extra concentrates during the dry period produced a 
significant increase (P<:.01) of 137 kg of F.C.M. in the first 15 w~eks 
of the following lactation. Totusek ~ al. (1961) found that high 
level cows produced an average of 35 percent less milk (3.1 vs. 4.2 kg 
per cow daily) than cattle fed a moderate level. Chambers, Armstrong 
and Stephens (1960) found similar results. Perhaps these differences 
in results in cattle can be explained by the differences in body type 
of experimental cattle and the variation in time, length and severity 
of treatment. 
Summary 
In summary, it is very difficult to compare the results of these 
various experiments because many give no exact description of precisely 
what plane of nutrition was fed and exactly what nutrients were defi-
cient, but the following general conclusions can be drawn. 1. A low 
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prenatal plane of nutrition decreases birth weight but possibly does 
not affect weaning weight. 2. Any interruption of growth will in-
fluence the later developing tissues relatively more than the earlier 
deve1opj,ng tissues. 3. Animals restricted in early life will grow 
faster tha,n normal in later life, but generally will not reach normal 
adult si:z;e. 4. Restricting nutrition in early life extends the growth 
period and delays puberty. 5. A low plane of nutrition tends to in-
crease longevity. 6. Weaning weight is not a good indication of subse-
quent milk production but rapid preweaning growth is associated with 
lower subsequent milk production. 7. Low planes of winter nutrition 
delay estrus in cattle. 8. Beef cattle on a very high or a very low 
level of ::winter nutrition produce less milk than cattle on moderate 
planes. 
CHAPTER III 
MA.TERIAIS AND METHODS 
Four trials with Angus and Hereford cattle were conducted at Lake 
Carl Blackwell Experimental Range near Stillwater, Oklahoma. The pur-
pose of these trials was to study the effects of the preweaning plane 
of nutrition on the growth, development, productivity and reproductive 
performance of the beef female. The first trial was begun in 1963, the 
second in 1964, the third in 1965 and the fourth in 1966. 
The experimental cattle used in the four trials (1963, 1964, 1965 
and 1966) were the successive calf crops of a group of Angus and Here-
ford cows that were born in 1959 on the Federal Reformatory Farm, El 
Reno, and on the Lake Carl Blackwell Range, respectively. These experi-
mental cattle were of known genetic background. Therefore, the experi-
mental females were sired by purebred Angus and Hereford bulls from the 
breeding project at the Fort Reno Research Station. Therefore, the 
experimental cattle were of known genetic background. Calf production 
records on the dams of the experimental cattle were collected for 2 
years previous to the 1963 trial. 
Allotment to three preweaning treatments was on the basis of sire, 
age and previous production of the dam. No dam had two successive 
calves on the same treatment. The allotment, therefore, was not on a 
random basis, but the experimental units were considered to be repre-
sentative of Angus and Hereford cattle in Oklahoma. 
lfi 
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The experimental design is illustrated in Table I, along with the 
number of cattle in each breed, treatment and trial for each year of 
the study. Three treatments were employed to produce low, medium and 
high levels of preweaning nutrition. The low level was accomplished by 
weaning the heifers at approximately 140 days of age and then allowing 
them to gain at a rate of .45 kg per day until they reached 240 days of 
age. The actual gain was .33 kg per day. For the 1963 trial, the 140-
day weaned females were on grass and supplemental concentrate from 140 
to 240 days of age. The 1964, 1965 and 1966 trials were kept in a 
drylot and fed alfalfa hay to maintain the desired rate of gain. The 
medium level was accomplished by weaning at 240 days of age. High level 
heifers were allowed creep feed during the suckling period and were 
weaned at 240 days of age. These levels of nutrition were imposed in an 
attempt to produce a 45.5 kg range in body weight among the three treat-
ment groups at 240 days of age. The actual range among treatments was 
50.3 kg, with a 30.9 kg difference between the 140-day weaned and 240-
day weaned and creep-fed 240-day weaned groups and a 19.5 kg difference 
between the 240-day weaned and creep-fed 240-day weaned groups. These 
ranges were averages of the first three trials since the 1966 240-day 
weights were lost. 
All heifers in each trial were managed alike after the approximate 
age of 240 days. During the first winter they were maintained on a 
moderate plane of nutrition under range conditions to gain approximate-
ly .23 to .34 kg per head daily. The 1963 and 1964 trials were supple-
mented with cottonseed meal, whereas the 1965 and 1966 trials were 
supplemented with alfalfa hay each winter. 










EXPERIMENTAL DESIGN WITH NUMBER OF CATTLE 
IN FACH BREED, TREATMENT AND 
TRIAL FOR EA.CH YEAR 
Breed Trt. Year 
'6~ '6~ 1 65 1 66 1 67 
Angus 140a 8 8 8 8 8 
21J)b 10 10 9 8 8 
24occ 7 7 7 7 7 
Hereford 140 8 8 8 8 8 
240 10 9 9 9 9 
240c 5 5 5 5 5 
Angus 140 9 9 9 9 
240 8 8 8 8 
24oc 11 11 11 11 
Hereford 140 8 8 8 7 
240 6 6 6 6 
240c 10 10 10 10 
Angus 140 8 8 8 
240 7 7 7 
24oc 8 8 8 
Hereford 140 9 9 9 
240 9 9 8 
240c 9 9 9 
Angus 140 10 10 
240 7 7 
240c 8 8 
Hereford 140 10 10 
240 10 10 
240C 11 11 
140-day weaned. 
240-day weaned. 
Creep-fed 240-day weaned. 
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10 10 9 
7 7 7 
8 8 8 
10 10 8 
10 10 10 
11 11 11 
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pastured together and bred to the same purebred bull of that breed. 
The bulls were from the purebred herd at the Fort Reno Experiment 
Station. Some crossbred calves were born due to inefficient partition 
fences. The 1965 and 1966 cows were artificially inseminated in 1969. 
All trials were pasture bred in other years. The heifers were bred to 
calve first at 2 years of age. The breeding season started May 20 each 
year. The cows were removed from experiment after three productive 
years (approximately 4.7 years of age). Breeds were rotated between 
pastures at approximately two month intervals. A mineral mix (50 
percent dicalcium phosphate or bonemeal and 50 percent salt) was pro-
vided free choice at all times. 
Cows were culle4 from the herd on the basis of disease or failure 
I 
to conceive 2 consecutive years. Cows and calves were identified b¥ 
ear tags and ear tattoos. Cows were also identified by hot brands. 
All calves were dehorned and vaccinated for blackleg. Almost all bull 
calves were castrated within 24 hours after birth. Spraying or dusting 
to control flies was practiced every 3 to 4 weeks during the summer. 
I 
The following measurements were taken at 140 days, 240 days and 1 
year of age, and then at subsequent 6-month intervals until the cattle 
reached 4.5 years of age. Four types of measurements were taken: body 
development, performance of offspring, milk production and reproduction. 
Three estimates of body development of the experimental females 
were taken. They were body weight, skeletal measurements and condition 
scores. Weights were taken to the nearest 2.3 kilograms. Skeletal 
measurements were taken by two methods: actual measurements and photo-
graphic measurements. Actual measurements were taken while cows were 
confined behind a grid. They were: height at withers, width at hooks, 
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and heart girth circumference. Height at withers and width at hooks 
were measured with wooden calipers; the heart girth circumference was 
measured with a steel tape. Photographic measurements were. made from 
20.3 x 25.4 cm photographs of the cow posed behind a grid of predeter-
mined proportions. The camera was positioned 3.7 m from the grid each 
time photographs were taken. The measurements made from photographs 
were: height at withers, height at hooks, chest floor to ground, length 
of rump and horizontal length from point of shoulder to hooks. Condi-
tion scores were taken on a fifteen point scale by one technician with 
one being the thinnest and fifteen being the fattest. The same techni-
cian did not score animals at all measurement periods for all trials 
but did score all cattle at any one measurement period. Actual measure-
ments taken at 140 and 240 days of age for the 1966 cows and photograph-
ic measurements taken at 2.5 years of age for the 1964 cows were lost. 
After the cows reached 2.5 years of age, the body measurements from cows 
that had not weaned calves that year were not included in the analysis 
in order that analysis be on cows that were comparable. 
Performance of offspring was determined by the same measurement 
techniques as described for the cows. The measurements were taken on 
the calves at 140 days of age. Weights were also taken at time of 
birth, at time of milk production (weight after a 12-hour shrink) and 
at time of weaning. Weaning weights were corrected to a constant age 
by the formula: 
IA.ct ual weaning A wt •. - ~ct ual birth wt) 205 + Actual birth wt. 
\ ge in ays 
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The bulls and heifers were also corrected to a steer equivalent by 
the method suggested by Smithson (1966). This method employs the multi-
plication of the 205-day adjusted weaning weights of bulls by .95 and 
heifers by 1.05. The weaning weights of crossbred calves were corrected 
to a straightbred basis by multiplication of the 205-day adjusted wean-
ing weights by .95. 
The estimated 12-hour milk production was determined by the calf 
weight change technique. Calves were allowed to nurse and then separat-
ed from their dams for one 12-hour period. At the end of this period 
(approximately 6:00 p.m. to 6:00 a.m.) calves were weighed to the near-
est .045 kg before and after nursing. Milk production for the 1965 and 
1966 trials in 1969 and for the 1966 trials in 1970 was estimated during 
two successive 12-hour periods. The calves were weighed to the nearest 
.045 kg before and after nursing, and the mean of these two estimates 
was used as a 12-hour estimate. The first milk production was taken 
after the calves reached 60 days of age in order to eliminate calf 
capacity as limiting factor and to insure that all estimates be taken 
when green grass was available. At least three estimates were taken 
for each lactation. 
Reproduction performance of the cows was measured by analyzing 
date at first calving, percent of cows which calved and percent of cows 
which weaned calves. 
Since there were unequal numbers among treatments and between 
breeds, the data were analyzed by techniques described by Snedecor and 
Cochran (1967) for two-way classifications with unequal numbers and 
proportions. Heirarchial analyses of variance were utilized to obtain 
unweighted means for each treatment and breed for each period (age of 
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cow or calf crop number) for each variable. Then analyses of variance 
were run on each period for each trial for each variable. Analyses 
were then run on each period combining trials for each variable. Since 
all analyses of variance were on unweighted means, the error mean 
squares were divided by harmonic means so that analyses were on a per 
cow basis. The preceding procedures were employed in the analysis of 
all data except the percentage of cows which calved, percentage of calf 
crop weaned, milk production and average calving date. The percentage 
of cows which calved, percentage of calf crop weaned and average 
calving date were analyzed by a randomized block design as explained 
by Snedecor and Cochran (1967). Milk production data were not analyzed. 
Treatment differences were determined by ISD tests. 
CHAPTER IV 
RElULTS AND DISCUSSION 
Because of the utilization of analyses on unweighted means, the 
levels of significance are. not exactly correct as reported, but are 
close approximations. The levels of statistical significance of F tests 
for treatment effects on body weight and measurements of cows fed 
different levels of preweaning nutrition are shown in Table II. Table 
III depicts unweighted means and levels of significance of differences 
between breeds for body weights and measurements. Treatment means for 
body weight, circumference of heart girth, horizontal length from 
point of shoulder to hooks, height at withers and height at hooks are 
presented graphically in Figures 1 through 5, respectively. Treatment 
means, standard errors and levels of significance for ages of cows with 
significant treatment F values (P <.05) are shown in Tables IV through 
x. 
Table II is a summary of the results of body weight and body 
measurement comparisons between treatments. All of the actual measure-
ments (body weight, circumference of heart girth, height at withers and 
width at hooks) indicated a significant difference between treatment 
means (P <.005) through 1.5 years of age. In general, no expression of 
treatment affect was detectable by the time the cow attained 2.0 years 
of age. More inconsistency was noted for the photographic measurements, 
but the general trend was that treatment significance was not detectable 
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TABLE II 
LEVELS OF SIGNIFICANCE OF TREATMENT EFFECTS ON BODY WEIGHTS AND BODY 
MFJ'i.SUREMENTS OF COWS FED DIFFERENT ll:VElS OF PimiFANING NUTRITION 
Body Circumference 1 Height it Width1at Length 2 Length 2 Chest ~o Height 2t 
Variable We~ht of Heart Gj_rth Withers Hooks of Ru.rnE of Bod~ Ground Withers 
A~e of Cow 
140 Days NS3 NS NS NS P~05 NS NS NS 
240 Days P<.005 p <..005 P<.005 P<.005 P<do5 P<.005 p <.005 P<.005 
1.0 Year P<005 P<.005 P<.005 p <.005 P<.005 P<.005 NS P<.005 
1.5 Year P<.005 P<.'005 P<.005 P<.005 NS P<.05 NS P<.05 
2.0 Year NS NS NS NS NS NS NS NS 
2.5 Year NS NS N:S_ .. NS NS NS NS NS 
3.0 Year NS NS NS NS NS NS NS NS 
3.5 Year NS NS .NS NS NS NS NS NS 
4.0 Year NS NS NS NS NS NS NS NS 
4.5 Year NS NS NS NS NS NS NS NS 
1Actual measurement. 
2photographic measurement. 
















by the time the cows reached 2.0 years of age. The variables most in-
fluenced by condition (body weight, circumference of heart girth and 
width at hooks) showed a significant (P <.10) treatment effect at 2.0 
years of age, indicating a possible treatment effect on body condition 
at that time. The more subjective condition score, however, failed to 
detect a treatment difference (P >.10) at 2.0 years of age. These 
results are in contrast to results found in dairy and beef cattle that 
were treated for longer periods of time. Bratton et al. (1957) found a --
treatment difference on weight through the fifth lactation for Holstein 
heifers fed either 60-70 percent or 140-160 percent of Morrison's upper 
TDN requirements for the first 2 years of life. Pope et al. (1955) and --
Hogan (1959) reported that beef cattle on a low plane of nutrition for 
the first three years or longer never regained normal mature size. 
Another general trend was the consistency of a highly significant 
(P('..01) breed effect (Table III) and birth year effect for all varia-
bles and for all ages of the cow. At 140 days of age the Herefords 
were significantly taller (P <·005) at hooks (photographic measurement), 
taller (P<.05) at withers (actual measurement) and longer (P <.005) in 
body (horizontal distance from point of shoulder to hooks measured 
photographically) than the Angus. At 240 days and 1.0 year of age the 
Angus were heavier (P <.005), had more condition (P <.005) and had 
greater circumference of heart (P <:.005), all of which were indications 
of fatness. As a general trend, the Angus tended to be larger structur-
ally at 240 days and 1.0 year of age. After 1.0 year of age the trend 
reversed and by 2.5 years of age the Herefords held the advantage in 
nearly every trait measured. The results indicate that the Angus 
matured earlier than the Herefords, but that the Herefords grew to a 
TABLE III 
UNWEIGHTED MEANS AND LEVELS OF SIGNIFICANCE OF DIFFERENCES 
BE1WEEN BREEDS FOR BODY WEIGHTS AND MEASUREMENTS 
Ase of Cow JJ.Q Dazs 2itf2 Da;t!! 1.0 Year l.~ Year 2.0 Year 2.2 Year ~.o Year :M Year ji.O Year !i·~ Year 
Breed A H A H A H A H A H A H A H A H A H A H 
Bod7 
lle:l,'lhtc U.5. 77 U.5 .69 209.o'f 196.37' 257.09 230.3cf 346.69 350.63 342.so 348.31 3i,.9.24g 378,87'1 379.13g 396.ooB 395.2cf J,28.J# 4JJ.,l.6e 42Q.l29 i.i,.7.12 458.94 
Condiiion 
Score 9.07 8.80 9,8i,.e 9,35e 7.73g 7.~ 9.70 10.l.6 7.J#> 7.8o! 7.~ 8.66g 7.56 7.77 8.51 8.73 8.30 8.10 8.519 8.11• 
Circumference 
of Heart Girthadl20.7S 119.85 i35.3cf l31.1cf 146.1# 140.43g l.63.i,.5 162.oi,. 161. 46 161.11 161.51g 16i,..34g 165.71g 16S.65g 166.~ 169.~ 171.86 172.17 171.99 17.i.38 
I 
:~!f~~ 87.'JSe ss.59e 95.93 95.62 101.09 100.42 109.13f 110.38f m.09e 112.489 112.36 113.48 iu..01g ll.6.46g m.46g 116.39' 116.339 117.949 ll.6.11g 118.01& 
llidth..at 
Hooks 28.26g 28.73g 33.3i,. 33.oi,. 37.65g 36.53g 43.i.i,. 43.39 44.21 44.85 
Length of 
31.63 Rump 28.55 28.59 31.29 32.i;s!l 33.16g 34.69' 35.63g 35,52 36.27 
Length of 
Bod7 63.66 63.67 71.5~ 69.53g 77.09 75.39 35.12 36.42 ss.13 87.96 
Chest to 
44.? 45.63g 45,538 47.oo& 48.~ 50.42g Ground 44.20 44.90 51.29 51.90 
Height gd 
Withers 88.96 88.93 95,73 94.82 10i.w 100.~ l.OB.44 108.76 110.85 110.87 
He~at 
Hooks 87.J,.3 89.39 93.7i,. 9i,..50 98.8o! 99,wfl l06.06g l.OB.09g l.OB.24g 110.wfl 
a.lctual measurements. 
11>hotographic measurements. 
"weight in kg. 
'ileasurement in cm. 
eSigni!icant difference between breeds at P..C.05. 
!Significant difference between breeds at P < .01. 
isigni!icant difference between breeds at P < .005. 
44.7o! 46.44g 46. 9~ i.s. 79'!. i.1 .2f:f!> 48.8.,. 49.059 49. 799 49.7cf 50.~ 
3i,..49f 36.21f 34.i,.cf 38.31f 36.63g 38.04g 36.65& 38.85g 36.~ 38.34g 
86.9i,. 86.57 92.so 92.21 90.~ 92.431 95.35 94.62 9:3-53 94.31 
53.31f 54,?<f 51. JR!> 52; 49' 51.llg 53.46g 50.96g 53.27' 50.27' 53.49' 
ll0.82e 112.329 110.70e 113.20e 112.l.6g l.l,3.94g lJJ..2.Sg 115.ss! l.l,3.59' 115.63g 




larger size. There is no evidence that treatment affected the breeds 
ditf erently as shown by the fact that there were only two breed x treat-
ment interactions that exhibited a significant F (P <.05). Because a 
total of 110 variables were tested statistically, approximately five of 
these could be statistically significant (P <-05) due entirely to chance. 
Likewise, only two treatment x birth year interactions were significant 
(P <.05). A trend was evident, however, for breed x birth year to be 
significant indicating that the Hereford and Angus breeds reacted to 
their environments different]¥ but did not react to their preweaning 
treatments differently. 
The various growth curves (Figures 1 through 5) indicate that 
generally the creeP-f ed 240-day weaned group remained heavier and larger 
until 1 • .5 years of age. At that time this group decreased dramatically 
in rate of growth, as shown by the radical decrease in slope after 1.5 
years of age for all variables depicted. The measurements of body 
growth will now be considered. 
Body Weight 
Unweighted means of cow body weight for each treatment within each 
age of cow are presented graphically in Figure 1. Unweighted treatment 
means, standard errors and levels of significance for each cow age with 
a significant treatment F value (P<.05) are presented numerically in 
Table IV. From 240 days to J.O years of age the differences between 
treatments gradually decreased with the greatest decrease between 240 
days and 1.0 year. Body weight continually increasE;ld until the end of 
the study except for the decrease in the creeP-fed 240-day weaned group 
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Creep-.f'ed 240-day weaned 
140 d.. 240 d. 1.0 yr. 1.5 yr •. 2.0 yr. 2.5 yr. 3.0 yr. 3 .5 yr. 4.0 yr. 4.5 yr. 
Age of Cow 











AVERAGE B:>DY WEIGHT OF COWS FED DIFFERENT 
LEVEIS OF NUTRITION BEFORE WEANINGa 
1. 140-Day 2. 240-Day 3. Creep-fed 
Weaned Weaned 2!;J,O-Dal, Weaned 
175.6Sb! 2.50C 206.53 ± 2.60 + 225.95 - 2.52 
+ 225.95 - 3.01 246.67 ± 3.15 + 25s.59 - 3.04 
+ 334.85 - 3.50 354.35 ± 3.69 356.79 ± 3.55 







aOnly ages with significant treatment F values (P <.05) included. 
bUnweighted means in kg. 
cStandard error. 
dSignificant at P <.oi. 
0significant at p.<.05 • 
f' Significant at P <.10. · 
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pregnancy affected body condition for the creep-fed 240-d.ay weaned 
group relatively more than the other treatments. At the complE;ition of 
the treatment period (240 days) all three treatments differed signifi-
Cilllt~ .<:P <01) • The treatments imposed produced a larger weight 
difference (30.85 kg) between the 140-d.ay weaned and the 240-day weaned 
groups than between the 240-d.ay weaned and creep-fed 240-day weaned 
groups (19.42 kg). This larger difference persisted until the cattle 
reached 2.0 years of age. The 140-day weaned group remained signifi-
cantly lighter (P <.05) than the other two groups through 1.5 years of 
I 
age, bµt by 2.0 years the creep-fed 240-day weaned group was not sig-
nificantly different from the other groups. The cattle were growing at 
t~e end of the study. Knox and Koger (1945) and Brinks ~ !!· (1962) 
reported that Hereford range cows increase in body weight until 8 years 
of age. 
The fact that no significant difference (P)>.05) between treatments 
was detectable at 2.0 years of age indicates compensatory growth by the 
I 
cattle fed lower planes of nutrition to weaning. This is in agreement 
witb Osborne and Mendel (1914), Winchester~ .2:1• (1957) and Reid~ .2:1· 
(1957a). Reid~!!· (1957a), however, found that Holsteins restricted 
to 65 percent of Morrison's upper TDN level from birth to first calving 
did not attaj,.n the weight of norma) .. ly fed heifers until 7 years of age. 
A strict comparison between these data and those of Reid~ .2:1· (1957a) 
is not logical because of differences in body type of experimental 
females and differences in length and severity of treatments. 
I 
The average date of measurement when the cows were 140 days and 
240 days of age was June 10 and September 20, respectively. The average 
date of winter measurement (l.O, 2.0, 3.0, 4.0 years of age) and summer 
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measurement (1.5, 2.5, 3.5, 4.5 years of age) was February 3 and August 
18, respective~. There was not as much seasonal variation in weight 
as normal~ occurs due prima.ri~ to the fact that the "spring" weight 
was taken in February before weight losses of parturition occurred. 
Circu.mf ere~ce of Heart Girth 
Figure 2 depicts graphical~ the unweighted means of circumference 
I 
of heart girth for each treatment within each age of cow. These means 
e.long with their standard errors and levels of significance are pre-
sented numerical~ in Table v. A comparison between Figures 1 and 2 
indicates a close relationship between body weight and circumference of 
heart girth. This is in agreement with Hughes (1971). The curves of 
these two variables were almost congruent. At the end of the treatment 
period (240 days of age), the ra.pge bet~een 140-day weaned and 240-day 
weaned and between 240-dayweaned and creep-fed 240-day weaned was 8.03 
and 6.01 cm, respective~. By 1.5 years of age these ranges had 
dw~dled to 0.93 and 3.30 cm, respective~. After 2.0 years of age no 
significant differences (P)i-.05) were detectable between treatments 
(Table V). 
Condition Score 
Since condition score was not estimated b~ the same person at 
different ages of the cow, one cannot JpgicalJ.¥ compare condition score 
over age. A treatment difference between 140-day weaned and 240-day 
weaned and between 240-day weaned and creep-fed 240-day weaned cattle 
persisted through 1,0 year of age (Table VI). For this variable, birth 















































I _/ -·-·-· 140-clay weaned 
- --- 240-clay weaned 
,,,.--- -· 
// 
~// ---Greep-fed 240-clay weaned 
140 d. 240 d. 1.0 yr. 1.5 yr. 2.0 yr. 2.5 yr. 3.0 yr. 3.5 yr. 4.0 yr. 4.5 yr. 
Age of Gow 
Figure 2. Average Values of Circumference of the Heart Girth of Cows Fed Different Levels 










A VERA.GE cmcUMFERENCE OF HEART GmTH OF cows 
FED DIFFER.ENT LEVEIS OF NUTRITION 
BEFORE WEANINGa 
l. 140-Day 2. 240-Day 3. Creep-fed 
Weaned Weaned 2[;1p-Dal Weaned 
125.93b± .63C 133. 96 :!: .65 + 139.97 - .64 
+ 139.13 -·-. .68 + 144°47 - .71 146. 65 :!: .6B 
+ 160.24 - .62 163. 54 :!: .65 164.47 ± .63 







adnly ages with significant treatment F values (P <05) included. 
bUnweighted means in cm. 
cStandard error. 
dSignificant at P <: 01 • 






AVERA.GE CONDITION SCORE OF COWS FED DIFFERENT 
LEVEIS OF NUTRITION BEFORE WEANINGa 
1. 140-Day 2. 240-Day 3. Creep-fed 
Weaned Weaned 2!Jp-Da-:£ Weaned 
7,32b! .15C 9.60 ! .16 + 11.85 - .15 










dSignificant at P <oi. 
eSignificant at P<.05. 
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scorer should not affect precision of estimation of probability levels 
for treatment. Birth year was consistently a significant source of var-
iation (P<(.005. at all ages of cow except at 24£) days of age when 
p <.05).. 
Width at Hooks 
Significance between the two extreme treatments persisted until 
I 
1.5 years, but became less significant as the cows aged. The unweighted 
I 
means, standard errors and levels of significance for cow ages with 
significant F values are shown in Table VII. The range between the 
extreme treatments was 2.92 cm at 240 days of age and decreased to 1.09 
cm at 1. 5 years. 
Length of Body 
By the completion of treatment (24D days of age), a significant 
(P <.05) difference of 3.09 .b,m was noted between 14£)-day weaned and 24£)-
day weaned cattle. Also a significant (P <.01) difference of 4.10 cm 
was noted between 14£)-day weaned and creep-fed 240-day weaned groups. 
No difference (P)>.05) was detected between 240-day weaned and creep-fed 
240-day weaned groups. At 1.0 year of age the difference between these 
.two treatments remained significant (P <.05). The range between extreme 
treatments remained significant (P <(.05) until 1.5 years of age. At 
that age the range was 2.5 centimeters. These results are depicted 
numerically in Table VIII. Wiltbank, Bond and Warwick (1965) observed 
a deficit of 11 cm in body length at first estrus of beef heifers that 
had been fed an energy deficient ration. When the heifers were fed an 







AVERA.GE WIDTH OF HOOKSa OF cows FED DeFFERENT 
LEVElS OF PREWFANING NUTRITION . 
· 1. 140;,_Day . 2. 240-Day 3. Creep-fed 
Weaned Weaned 240;-Day Weaned 
31.65C:!: .2od + 33,35 - .21 + 34.57 - .20 
36.14 :!: .20 37.06 :!: .21 3s.07 :!: .20 








bOnly ages with significant treatment F values (P <.05) included. , 
cUnweighted means in cm. 
dstandard error. 
eSignificant at P < • 01. 







AVERAGE LENGTH OF OODYa OF COWS FED DIFFERENT 
IEVElS OF PREWEA.NING NUTRITION 
1. 140...;bay 2. 240-Day 3. C~eep-f ed 
Weaned Weaned 2ftcrDal Weaned 
68. l3C:!: .59d + 71.22 - . .61 + 72.23 - .59 
+ 74.26 - .57 + 75.91 - .58 + 78.51 - .57 






~hotographic measurement of horizontal length from point of 
shoulder to hooks. 
bOnly ages with significant treatment F values (P<.05) included. 
0unweighted means in cm. 
dStandard error. 
eSignificance at P <.ol. 
fSignificance at P<.05. 
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3 indicates that creep-fed 240-day weaned heifers remained longer and 
140-day weaned heifers remained shorter until 2.0 years of age, but as 
age :increased beyond 240 days the differences became progressively 
smaller. 
Body He¥ht 
Three measurements of height were analyzed statistically: photo-
graphic measurement of height at withers, actual measurement of height 
at hooks and actual meastll'ement of height at withers. It is difficult 
to determine which of these is the best estimate of structural height 
but the actual measurement of height at withers and photographic meas-
urement of height at hooks exhibited smaller standard errors than 
photographic measurement of height at withers (Tables IX, X and XI). 
Actual measurement of height at withers and photographic measurement of 
height at hooks showed a difference (P <.05) between extreme treatments 
through 1.5 years of age whereas no significant F (P)>.05) was calcu-
lated later than 1.0 year of age for photographic measurement of height 
at witheris. This decrease in precision for photographic measurement of 
height at withers may be due to a more variable head positioning at the 
time the photograph was taken. 
Figures 4 and 5 are similar to each other and to the figures of 
I 
other growth measurements. They indicate that by the time of first 
calving no treatment difference was evident. Thus, the low plane of 
nutrition possibly delayed maturity in height. These results are simi-
lar to those of Crichton ~ al. (1960a) although not as dramatic. They 
found that dairy heifers which received a low plane of nutrition prior 
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Creep-fed 240-d.ay weaned 
140 d. 240 d. 1.0 yr. 1.5 yr. 2.0 yr. 2.5 yr. 3.0 yr. 3.5 yr. 4.0 yr. 4.5 yr. 
Age of Cow 
Figure 3. Average Values of Horizontal Length From Point of Shoulder to Hooks of Cows Fed 




AVERAGE HEIGHT AT WITHERSa OF COWS FED DIFFERENT 
LEVEIS OF PREWEA.NING NUTRITION 
1. 140-Day 2. 240-Day 3. Creep-fed 
40 
Treatment Weaned Weaned 
I 
240-Day Weaned Significance 
Af!ie 
240 Days 93.28c! .36d 96.40 .::!: .37 97.65 ! .36 1<2e 1<3e 
1.0 Year 98.65 ! .51 + 100.92 - .53 102.68 ! .51 1<2f 1<3e 
1.5 Year + 108.70 - .38 + 109.97 - .40 110.60 ! .38 1<3f 
aActual measurement. 
bOnly ages with significant treatment F values (P<.05) included. 
cUnweighted m~ans in cm. 
dStandard error. 
eSignificant at P <. 01. 






AVERAGE HEIGHT AT WITHERSa OF COWS FED DIFFERENT 
LEVElS OF PREWEANING NUTRITIONb 
1. 140-Day 2. 240-r>ay 3. Creep-fed 
Weaned Weaned . 21+0-Daz Weaned 
92,55C:!: .39d 96.09 :!: .40 + 97.19 - .39 






bOnly ages with significant treatment F values (P<.05) included. 
cUnweighted means ;in cm. 
dStandard error. 







AVERA.GE HEIGHT AT HOOKSa OF.COWS FED DIFFERENT 
LEVElS OF PREWEANING NUTRITION 
1. 140-Day 2. 240""1lay 3. Creep-fed 
Weaned Weaned 2~-Dal Weaned 
91.60C:!: .41d + 94.97 - .43 + 95.78 - .41 
+ 97.12 - .41 + 99.71 - .J¥, + 100.48 - .41 






bOnly ages with significant treatment F values (P<:.05) included. 
cUnweighted means in cm. 
dStandard error. 
eSignificant at P<.oi. 
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Creep-fed 240_day weaned 
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/' 140-day weaned 
240-day weaned 
Creep-fed 240-day weaned 
140 d. 240 d. 1.0 yr. 1.5 yr. 2.0 yr. 2.5 yr. 3.0 yr. 3.5 yr. 4.0 yr. 4.5 yr. 
Age of Cow 
Figure 5. Average Values of Height at Hooks of Cows Fed Different Levels of Nutrition 
Before Weaning 1 
f: 
45 
months later than heifers on a high plane. 
!t 140 days of age, actual height at withers was approximately .12 
cm larger than photographic height at hooks. As the animal increased in 
age, the height at hooks increased at a relatively greater rate than 
height at withers. The advantage in height at hooks over height at 
withers was 4.99 cm at 2~ days, 2.62 cm at 2.0 years, 4.75 cm at 3.0 
years and 0.23 cm at 4.0 years. These data indicate that maturity in 
height at withers was attained earlier than maturity in height at hooks, 
I 
which is in agreement with. Guilbert and Gregory (1952) who observed an 
anterior to posterior gradient in development of body parts. 
Reproductive Efficiency 
The average calving dates for cows fed different levels of pre-
weaning nutrition are shown in Figure 6. No significant treatment 
differences were obtained (P:>.10) and no general trends were observed. 
Sorensen~~· (1954), Reid~~· (1957a), Crichton ~21· (1959) and 
Hughes (1971) reported a delay in first estrus for heifers on an ex-
tended low plane of nutrition. Perhaps the treatments in the experiment 
reported herein were not severe enough to produce a change in physiolo-
gical age of the heifers. 
No significant treatment differences (P)>.10) were obtained for 
percent of cows which calved. There was a trend, however, for the. 140-
day weaned group to have a lower percent calf crop for the different 
trials especially for the first calf crop. As shown in Figure 7, for 
the first calf crop the 140-day weaned group was 15.80 percent lower 
than the 240-day weaned group and 15.57 percent lower than the creep-
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Figwe 7. Average Percent of' Cows Which.Calved for Three Calf 
Crops 
and Angus heifers on a low plane of nutrition from 6 to 12 months of age 
attained puberty 273 and 109 days later, respectively, than cows on a 
high plane. Wiltbank ~ !!· (1965) found that Angus heifers wintered to 
gain .45 kg per head daily attained puberty in 11.2 months at a weight 
of 260 kg, whereas Herefords attained maturity in 13.6 months at 302 
kilograms. When Angus and Hereford heifers were wintered to gain .23 kg 
per head daily, they attained puberty in 13.1 months at a weight of 236 
kg and 15.5 months at a weight of 270 kg, respectively. 
In this study, all cattle were exposed to a bull at a fixed date 
(an average of May 20 for all trials); it is possible that the 140-day 
weaned cattle had not attained puberty at that time. This could explain 
the poor performance of the 140-day Hereford (59.4 percent) as compared 
to the 140-day weaned Angus (72.9 percent) for percent cows which calved 
the first time, since the Herefords were later maturing than the Angus. 
The Herefords and Angus weaned at 140 days of age weighed approximately 
256 and 281 kg, respectively, at the time they were first exposed to the 
bull. According to Wiltbank et al. (1965), these heifers should have al-- -
ready attained puberty unless the preweaning plane of nutrition was an 
interfering factor. By the second calf crop no great differences were 
noted between the treatments for percent of cows which calved. The aver-
I 
age percent of cows which calved over all three productive years was 
75.96, 84,05 and 83.99 percent for 140-day weaned, 240-day weaned and 
creep-fed 240-day weaned groups, respectively. Reid~~· (1957a) and 
Bratton~~· (1957) reported no significant differences (P)-.10) for 
number of services per conception due to nutritional treatments imposed 
during early life. 
No significant treatment differences (P .>-.10) were obtained for 
49 
percent of cows to wean calves, but a trend was noted for the 140-day 
weaned gro~p to wean a smaller percent of calves for the first calf crop. 
As shown by Figure 8, no trend over calf crop can be distinguished. The 
average percent calf crop weaned over all three productive years was 
67.34, 72.80 and 76.83 percent for 140-day weaned, 240-day weaned and 
creep-fed 240-day weaned groups, respectively. 
Calf Birth Weieht 
Treatment of the dam affected the birth weight of the calves signi-
ficantly (P <05) only the first calf crop. The means for birth weight 
for the first calf crop from 140-day weaned, 240.-day weaned and creep-
fed 240-day weaned dams were 26.73, 26.73 and 27.4 kg, respectively. As 
shown in Figure 9, no definite trend was noted for calf crops two and 
three. The 140-day weaned and 240-day weaned cows apparently had not 
completely overcome the detriment of their preweaning nutrition at the 
I 
time they were first bred as illustrated by all growth curves (Figures 1 
through 5) and therefore, possibly did not provide the prenatal maternal 
environment provided by the creep-fed 240-day weaned cows. Joubert 
(1954), Reid~~· (1957a), Pinney (1962) and Hight (1966) reported 
lighter birth weights for calves of cows on low planes of nutrition 
during the growth period. 
Calf Weaning Weieht and Skeletal Measurements 
Analyses of variance failed to show a significant (P)>-.05) treat-
ment effect upon weaning weight of three calf crops. As shown in Figure 
10 and Table XII, however, the creep-fed 240-day weaned group tended to 
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Figure 9. Average Birth Weight of Calves From Cows Fed 
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Figure 10. Average Sex, Age and Crossbreed Corrected Weaning 
Weights of Calves From Cows Fed Different Levels 
of Preweaning Nutrition 
TABLE XII 
AVERAGE SEX, AGE, AND CROSSBREED CORRECTED 
WEANING WEIGHTS OF COWS FED DIFFERENT 
LEVElS OF PREWEANING NUTRITION 
140-Day Z40-Day 
Treatment Weanecj. Weaned 1 
Calf' CroE 
1 156.77a± l,25b 155.08 ± 1.16 
2 180.58 ± 1.26 180.49 ± 1.26 
3 191.66 ± 1.48 195.60 ± 1.52 





+ 152.37 - 1.12 
+ 173.43 - 1.22 







calf crops two and three approached significance (P)>.10). Since these 
analyses are on unweighted means, the probability levels are only approx-
imations and there possibly was a true difference not detectable by the 
analysis used. 
These resu,lts agree with Mangus and Brinks (197la) who reported 
product moment correlations of the cow's weaning weight, weaning age and 
weaning score with MPPA (Most Probable Producing Ability) of 0.14, 0.05 
and -0.02, respectively, indicating a low relationship between these fac-
tors and cow productivity. There was a trend, however, for high weaning 
weight to be associated with low subsequent maternal ability. Holtz, 
Erb and Hod$SOn (1961) concluded that early gain is a poor predictor of 
producing ability in dairy cattle. Christian, Hauser and Chapman (1965), 
and Koch (1969) reported an inverse relationship between preweaning 
growth potential and maternal ability in beef cattle. This same rela-
tionship was noted in dairy cattle by Wallace (1953), Swanson and Spann 
(1954), Hansson (1956) and Swanson (1957). Christian, Hauser and Chapman 
(1965), studying identical and fraternal twin Hereford heifers, found a 
significant negative correlation between weaning weight of dam and her 
butterfat production for the first 60 days of the first lactation, but 
the negative correlations between weaning weight and milk production were 
not significantly different from zero. 
Totusek (1968), reporting preliminary results from this study, in-
dicated a larger difference between treatment means than is reported here. 
This can be explained by the fact that his means were based upon a diff ep. 
ent method of pooling than the method used in this study. He pooled all 
sex and age corrected weaning weights for the 1965, 1966 and 1967 calf 
crops regardless of age of cow at time of calving. In this paper sex, 
55 
age and crossbreed corrected weaning weights were pooled for all cows of 
the same age regardless of year the calf was born. Weight of calf pro-
' 
duced for three calf crops (sum of percent calf crop weaned x mean wean-
ing weight over three calf crops) for 140-day weaned,, 240-day weaned and 
creep-fed 240-day weaned groups was 356.4, 384.4 and 393.1 kg, respective-
ly, Thus, although the creep-fed 240-day weaned group tended to wean 
lighter calves, their advantage in percent calf crop weaned overcame this 
d,isadvantage. The weight of calf produced for each calf crop is present-
ed graphically in Figure 11. The creep-fed 240-day weaned group did not 
consistently maintain an advantage in weight of calf produced over calf 
crop. 
Because of the high correlation between milk production of dam and 
weaning weight of calf (Knapp and Black, 1941; Pinney, 1962; Gifford, 
1953; Valesco, 1962), milk production will be discussed in this context. 
As shown in Figure 12 the milk production trends are similar to those of 
weanLTlg weight for the first two calf crops lending support to the possi-
bility of a treatment effect on lactation. 
No trends, however, were noted among treatments for the three calf 
crops for height at withers, height at hooks and length of body of calves 
at 140 dp,ys of age. Neither weight nor condition score nor skeletal 
measurement (height at withers, width at hooks, length of rump, length of 
body, distance from chest floor to ground and height at hooks) showed 
any statistical treatment effect (P )>,05) for any calf crop as measured 
at 140 days of age. Birth year, however, was generally significant 
(P <-05) for these analyses indicating that continuous environment had a 
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Figure 11. Average Values of Weight of Calf Produced for 
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A study was initiated in 1963 employing approximately 5Q Hereford 
and Angus females in each of four trials to determine the effects of 
three preweaning plane60p.f nutrition. These planes of nutrition were 
accomplished by: (1) weaning at 140 days, (2) weaning at 240 days and 
.(3) creep-feeding and weaning at 240 days. At 240 days of age, 140-day 
weaned, 240-day wea.ned,and.creep-fed 240-day weaned females weighed 
175.7, 206.5 and 226.0 kg,,respectively. After weaning all females were 
treated alike under ,r~e~'conditions. Weights and body measurements, 
actual and photographic, were taken at 140 days, 240 days, one year, 
and at six month interyals"'thereafter to 4.5 years. 
The Angus .females,, tended to mature earlier but the Herefords 
attained a greater maximum body size. No breed interaction with treat-
ment, however, was observed. Height at withers increased at a relative-
ly greater rate than height at hooks indicating an anterior to posterior 
gradient in growth. 
Body weight, condition score and other measurements of growth 
tended to be significantly (P <.05) affected by treatment to 1.5 years. 
The creep-fed 240-day weaned cattle gained the least in structural size 
and the 140-day weaned group gained the most between 240 days and 2.0 
years of age. The creep-fed 240-day weaned cattle lost more weight and 
condition during time of first pregnancy than did the other treatments 
59 
(which remained rather constant). The creep-fed 240-day weaned cattle, 
however, provided a better prenatal maternal environment for the first 
calf crop as shown by heavier (P <.05) calf birth weights. By 2.0 
years of age (time of first calving) no significant difference (P:::>.05) 
between treatments was observed for any of the skeletal measurements. 
This indicates that by the time of first calving there was little ana-
tomical difference due to treatment. This possibly explains why no sig-
nificant (P)>.05) treatment effect on weaning weights for any calf crop 
was observed. A trend was evident, however, for the creep-fed 240-day 
weaned cows to wean lighter calves. The average sex and age corrected 
weaning weight for three calf crops for 140-day weaned, 240-day weaned 
and creep-fed 240-day weaned groups was 156.8, 155.0 and 152.4 kg, re-
spectively. Milk production data was not analyzed statistically but 
I 
exhibited a similar trend to that of weaning we.ight. Neither weight nor 
condition score nor structural measurements of calves showed any statist-
ical treatment effect (P:::>.05) for any calf crop as measured at 140 days 
of age. 
Different levels of preweaning nutrition did not significantly 
(P:::>.05) affect average calving dates, percent cows which calved, or 
percent calf crop weaned. A trend for the 140-day weaned group to give 
birth to a smaller percent of calves for the first calf crop was noted. 
The average percent calf crop weaned over all three productive years was 
67.34, 72.80 and 76.83 percent for 140-day weaned, 240-day weaned and 
creep-fed 240-day weaned groups, respectively. The total weight of 
calf produced per cow for three calf crops for 140-day weaned, 240-day 
weaned and creep-fed 240-day weaned groups was 356.4, 384.4 and 393.1 
kg, respectively. 
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AVERAGE EODY WEIGHT (KG) OF cows FED DIFFERENT 
LEVEI.S OF PREWEANING NUTRITION 
Trt..-Brd. lJIJa Angua U.O Hereford 240& Angua 2JIJ Hereford 21/XJC Angus 2Jl)C Hereford 
fear ~ n I I: Bo n n I n l n I. n 
lJIJ Dqs 
63 129010 81 134037 I 81 145040 I 91. 141061 1101 160070 I 71 136008 I 51 
64 142063 91 142031 I 81 143016 I 81 138072 I 61 l44ol2 1111 144069 1101 
65 146oll 81 162023 I 91 150098 I 71 155083 I 91 149074 I 81 155033 I 91 
!MS • 33.45 df • 131 
240 ilqt!I 
63 165084 81 141075 I a1 198073 I 81 186065 1101 233~28 I 71 200094 I 51 
64 189020 91 182046 I Bl 220005 I Bl 201o77 I 61 234075 1111 228056 1101 
65 191036 Bl 1830"5 I 91 214035 I 71 217062 I 91 234000 I 81 224012 I 91 
l!JIS • 54. 98 df. 130 
1.0 Year 
63 23Bo70 I Bl 193063 I 81 266020 I 81 222001 I 91 2BBo68 I 71 230088 I 51 
64 245019 ' 91 217072 I 81 
269004 I Bl 240078 ' 61 270092 I 111 
259000 1101 
65 249076 I Bl 243093 I 91 267062 I 71 246095 I 91 273057 I 81 259055 I 91 
66 219031 1101 199035 1101 244061 I 71 216014 1101 251046 c 81 234063 1111 
l!l!S • 7/.71 df. 179 
1,5 Year 
63 333067 I Bl 326059 I Bl 366o2B I 81 361.o87 I 91 377013 ' 71 353035 I 51 64 348056 I 91 356013 I 81 361063 I Bl 369015 I 61 365051 '111 377066 1101 
65 30Bo44 I Bl 333014 I 91 323099 I 71 34lo45 I 91 319022 I Bl 347050 I 91 
66 3370 70 1101 334052 1101 365047 I 71 344096 1101 352067 I Bl 361023 1111 
l!JIS • 106.18 df. 179 
2,0 Year' 
63 332026 61 340095 31 363078 I 51 343097 31 352090 I 51 331088 31 
64 347085 Bl 373065 41 35Bo34 I Bl 'H2o70 31 353oBO 1111 366028 61 
65 327034 61 344035 61 353080 I 61 351053 71 346024 I 61 354045 71 
66 322005 31 302077 61 340052 I 71 347050 91 314060 I 71 349064 61 
!MS • 209.01 dt - 177 
2.5 Year 
63 347075 61 361036 31 374067 I 51 3B6o3l 31 364069 ' 51 372· 70 31 
64 326021 61 391.79 41 344073 c 71 377.99 31 335089 1101 394063 61 
65 339006 61 415004 51 369030 c 61 392036 61 371095 c 51 3930 ll 61 
66 334015 31 340057 61 341081 c 71 35Bo0l 71 340.52 I 71 362050 61 
l!l!S - 156.03 df - 107 
3.0 Year 
63 375.35 Bl 403005 c 71 395027 c 71 434044 91 397oB7 I 71 3B2o53 31 
64 362037 91 414059 I 51 36lo74 I '61 4llo64 41 365.14 1111 43loB9 71 
65 370043 31 396.89 I 61 3BBo2B c 51 381.02 71 375035 I 41 399045 81 
66 413009 71 367.86 c 51 370000 c 71 372085 51 374.54 I 71 379072 71 
EMS • 279,29 df - 130 
3,5 Year 
63 3B9o0l Bl 403.37 71 40 lo 11 71 435.95 91 426005 c 71 4060 72 31 
64 407.73 91 457022 5 I 400067 61 467020 41 409014 1101 499. 71 61 
65 3B2ol5 41 435007 61 402034 51 41Bo2l 51 383085 c 41 439066 71 
66 3B5o55 71 373065 41 370097 71 404.15 51 3B4o80 I 61 400078 71 
!!MS - 209.95 di' - J24 
4.0 Year 
63 412039 61 380.74 81 42 lo l 9 ' 71 417068 61 
419025 71 421084 51 
64 395092 71 444052 71 42 3o l4 c 71 435072 51 409037 Bl 462067 71 
65 416074 41 408.23 81 414066 c 61 397.65 61 414076 81 411099 71 
!!MS - 302.49 dt - 101 
4,5 Year 
63 475014 61 422049 n 475014 c 61 469047 61 482032 61 4680 ll 51 
64 398.51 71 460007 71 419057 c 61 468034 41 408080 81 480081 71 ) 
65 427051 41 445049 71 4340 32 c 61 430091 61 425053 81 449038 71 
66 46lo76 51 456.62 31 517055 c 31 474086 81 439021 71 480.64 Bl 
EMS • 262.fl3 di' - l23 
.alJIJ-day weaned. 
b21tll-day weaned. 
cCreep-i'ed 21P·day weaned. 
~e at lieasurement. 
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TABLE XIV 
AVERAGE CONDITION SCORE OF COWS FED DIFFERENT 
lEVElS OF PREWFANING NUTRITION 
Trt..-Brd. lJIJa Angus lJIJ Hereford 2ii:Jb Angus 211J Hereford 2JIX',o Angus 2J1JC Hereford 
fear 1 n 1 n 1 1 l l n Bom n n n 
lJIJ Daya 
63 8025 81 7o87 I 81 9.20 1101 a.10 1101 a .• 11 I 71 8040 I 51 
64 9o77 91 8075 I !II 9o75 I 81 9.00 I 61 9.54 Ull 9o50 1101 
65 9.37 81 9o33 I 91 8085 I 71 9.00 I 91 9ol2 I 81 9.22 I 91 
PHI • .1417 dt •. JJ2 
240 Days 
6.3 1.25 81 6087 I 81 9o87 81 8.90 1101 12085 I 71 10.80 I 51 
64 1.11 91 a.so 1 81 10050 I 81 9ol6 I 61 12.00 1111 12000 1101 
65 6087 81 6066 I 91 9o28 I 71 9.88 I 91 l2ol2 I 81 llo33 I 91 
J!MS • .2014 dt. 130 
l.O Year 
63 7o50 I 81 1.12 I 81 a.so I 81 7.55 I 91 9o57 I 71 7o80 I s1· 
64 6000 I 91 5o75 I 81 6087 I 81 6000 I 61 7ol8 I 111 1.00 1101 
65 7.75 I 81 7o44 I 91 8028 I 71 7o44 I 91 8087 I 81 9.11 I 91' 
66 6090 1101 6060 110 I 7o57 I 71 6090 1101 7.75 I Ill 7.36 1111 
J!MS • .CY/97 df. 179 
l.5 Year 
63 10025 I 81 llo25 I 81 10087 I 81 llo66 I 91 11.00 I 71 11.20 I 51 
64 8055 I 91 9.37 I 81 9.00 I 81 9o83 I 61 8090 1111 10030 1101 
65 9o87 ( 81 10044 ( 91 l0ol4 I 71 10044 I 91 10075 I 81 10044 I 91 
66 9.00 1101 9o00 110 I 9o00 I 71 9.00 1101 9o00 I Ill 9o00 1111 
DIS• .0838 df. 179 
2.0 Year 
63 7o00 61 ·7o00 I 31 6060 I 51 7o00 31 7o00 I 51 6033 31 
64 7o75 81 8025 I 41 8025 I 81 8033 31 7o63 1111 8033 61 
65 6050 61 7o00 I 61 7o00 I 61 7o28 71 6066 I 61 7o00 71 
66 7o00 31 Bo33 I 61 7o57 I 71 9o44 91 7ol4 I 71 9o33 61 
J!MS • .11,29 di'• U7 
2.5 Year 
63 6016 61 8000 I 31 6040 I 51 8033 31 7o20 I 51 8•00 31 
64 8050 61 10025 I 41 eo11 I 71 9o00 31 8040 1101 10ol6 61 
65 8033 61 Bo BO I 51 9o00 I 61 9oOO 61 8oeo I 51 9o00 61 
66 8oOO 31 7o83 I 61 7o7l I 71 7o85 71 7o85 I 71 7066 61 
DIS• .0963 di' • 107 
3.0 Year 
63 7o37 81 eooo I 71 7•25 81 8044 91 7o42 I 71 7o33 31 
64 6077 91 7o40 I 51 6083 61 1.00 41 6072 I 111 7o57 71 
65 9.00 31 7066 I 61 7o80 51 7066 61 8.oo I 41 e.oo 81 
66 9.00 71 B.oo 1 51 e.oo 71 7o60 51 7o57 I 71 Bo57 11 
DIS• .2418 di'. 130 
3.5 Year 
63 9o00 Bl 9o28 71 9ol4 I 71 9066 91 9o28 I 71 9o33 ~I 64 8088 91 9.20 51 9.00 I 61 9.50 41 8090 j 101 9066 
65 Bo25 41 8066 61 8060 I 51 e.eo 51 8075 I 41 9o28 71 
66 8014 71 7.25 I 41 7o00 I 71 1.20 51 7ol6 I 61 6085 11 
EMS• .l]J7 di' • 124 
4.0 Year 
63 1.00 61 6087 I 81 7.00 I 71 6085 71 7o28 71 7o40 51 
64 9ol4 71 9o7l I 71 9.71 I 71 9,40 51 9o50 81 9oB5 71 
65 Bo25 41 1.12 I Bl 8016 I 61 7o00 61 &02s 81 B.2B 71 
66 B.eo 51 8033 I 31 a.so I 21 e.2e 71 e.oo 71 e.oo a! 
EMS • .2053 df • 128 
4.5 Year 
63 9ol6 61 e.2e I 71 9·16 I 61 9.00 61 9ol6 61 e.eo 51 
64 B.11 71 a.es I 71 8083 I 61 9o00 41 8062 81 9ol4 71 
65 a.so 41 7o42 I 71 8083 I 61 6083 61 e.2s Bl eooo 61 
66 7o40 51 1.00 I 31 9.00 I 31 7o37 81 6042 71 7o62 81 
!!MS •• 1965 df. 122 
a;u.o-day weaned. 
b240-day weaned. 
0cree~i'ed 240-day weaned. 
dAge at measurement. 
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TABLE x:J 
AVERAGE CIRCUMFERENCE OF HF.A.RT GIRTH (CM) OF COWS FED 
DIFFERENT LEVELS OE' PREWFANING·NUTRITION 
Trt..-Brd. 140a Angws 140 Heretord 240b·.Angws 2.ii>. Heretord 2/IYJC Angws 2i.oc Heretord 
'i'ear I. n I n I n Born 
140 Dayi 
1 n 1 n l n 
63 11BeB4 Bl 117.22 I Bl 119.76 1101 120•90 1101 126005 I 71 117.80 I 5~ 
64 l20o l 7 91 11Boo1 1 81 122o l 7 I Bl 119.04 I 61 122. 211 1111 12leOB 110'1 
65 llBeB7 Bl 12le66 I 91 119· 70 I 71 ll9e77 I 91 119012 I Bl 120o4B I 9i 
EIC3 - 3.0766 cU - 132 
240 Day11 
63 124.26 Bl ll8e90 I Bl 13 le 54 I 91 130e27 1101 145028 I 71 134.46 I 51 
64 129e76 91 127079 f 81 13Be96 I 81 13lo95 I 61 143034 f 111 13B. 30 1101 
65 127e79 Bl 121.05 f 91 136•32 I 71 l34e67 I 91 14lel9 I Bl 137.24 f 9,i 
EIC3 - 3.4708 dt - ]Jl 
1.0 Year 
63 144.90 I 81 132055 81 149054 I 81 l4le42 I 91 1530115 I 71 141o78 I 51 
64 142e07 I 91 137.00 81 148e52 I 81 139.27 I 6 I 148022 1111 143066 110! 
65 l42e55 I Ill 141.16 I 91 146e84 I 71 llt4o80 I 91 149elt7 I Ill 145.03 I 91 
66 l37eB9 1101 134.87 1101 145.72 I 71 139062 1101 147022 I 81 143.90 1111 
EIC3 - 3.9180 dt - 179 
1.5 Year 
63 l62e78 I Bl 159.119 Bl 166017 I 81 l61te78 I 91 l67e93 I 71 163.98 I 51 
64 161.88 I 91 160.24 81 165006 I 81 163.32 I 61 165.63 1111 166 0 31 1101 
65 159025 I Bl 15Bo94 I 91 160e09 I 71 l6lo3l I 91 160055 I Ill 16loB2 I 91 
66 161 eB4 1101 157002 1101 l64e99 I 71 l62o5B 1101 165e22 I 81 l64e26 1111 
!!MS - 3 .3oe3 dt - 179 
2.0 Year 
63 159e97 61 160e35 31 165•25 51 l6le71 31 l63e22 I 51 158.75 31 
61t 163e98 Bl 165.29 41 166e94 81 163066 31 l65o71t 1111 l64oBB 61 
65 155e53 61 159.59 61 159021 61 162037 11 159o3B I 61 160.45 71 ) 
66 159e93 31 153e96 I 61 l6le 10 71 161054 91 157.22 I 71 160.69 61 
EMS • 5,7022 dt • U7 
2.5 Year 
63 l6le62 61 163e57 I 31 165•25 I 51 165e60 31 164.08 I 51 , 165e 10 31 
64 159021 61 170.75 I 41 162e81 I 71 164050 31 160014 1101 168.23 61 
65 158e53 61 166057 I 51 163095 I 61 167004 61 164023 I 51 164e97 61 
66 l6 l o96 31 155el9 f 61 157·95 I 71 160045 71 158031 I 71 l60ol0 61 
l!MS - 4.4635 di' - 107 
3.0 Year 
63 166.56 81 170.97 71 167e98 I 81 176e53 91 169e56 I 71 169e41 31 
64 163094 91 170068 51 165065 I 61 168033 41 l64o 77 1111 l73e9l 71 
65 163040 31 168052 61 167089 I 51 167008 61 162049 I 41 167067 81 
66 16Bo98 71 161008 I 51 162e74 I 71 164049 51 164051 I 71 165006 71 
EMS • 6.6537 dt - 130 
3,5 Year 
63 168071 81 170083 71 1690 .12 I 71 174038 91 172093 I 71 170e01 31 
64 111.13 91 177095 5 I 170030 I 61 175013 41 170~ 78 1101 1790 53 61 
65 162e62 41 17loll 61 166067 I 51 167023 51 160090 I 41 169.12 71 
66 164037 71 157el6 I 41 158075 I 71 162081 51 162056 I 61 164037 71 
l!MS - 5 .s949 di' - 124 
4.0 Year 
63 l68e48 61 159041 81 170097 I 71 169049 71 l 7le8l 71 171o95 51 
64 167e93 71 175026 71 174017 I 71 176.22 51 l 7lo l0 81 179003 71 
65 172021 41 169095 81 170094 ' 61 170051 61 170030 81 169038 71 66 175e66 51 174007 I 31 178ol8 ' 2 I 174e78 71 170057 71 175 0 35 81 EMS - s.4527 df - l28 
4.5 Year 
63 176023 61 169030 I 71 177012 ' 61 175051 61 179083 61 175 0 86 51 64 165024 71 173062 I 71 170051 I 6 I 173073 41 166046 81 176056 71 
65 166068 41 169081 I 71 168091 I 61 168e48 61 167064 81 l69e27 71 
66 172036 51 172097 I 31 182045 I 31 1ao.08 81 170036 71 175. 32 81 
EJ!S - 9. 6860 df - 123 
al40-day weaned. 
b2/J)·day weaned. 
0creep-fed 240-day weaned. 
dAge at measurement. 
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TABLE XVI 
AVERA.GE HEIGHT AT WITHERS (ACTUAL IN CM) OF cows FED 
DIFFERENT LEVEIS OF PRE.WF.A.NING NUTRITION 
Trt..-Brd. lJiO Angus J.JiO Hereford 240 .lngue 240 Hereford 2/IXJC Angus 211XJ Heretoid,: 
fear 1 1 1 1 1 1 Bom n n n n n n 
J.JiO~ 
63 86el3 81 87.82 I 81 81h 79 1101 89.05 1101 88.90 I 71 91.02 I 51 
64 85.48 91 86.83 c 81 84e58 c 81 87.12 c 61 85el8 c 111 87.40 1101 
65 811e39 81 90e90 I 91 119.87 I 71 90.62 c 91 89.02 c 81 90.56 c 91 
I DIS-• 1.3286 dt' • 132 
240 Daye 
63 93e28 81 90.39 c 81 94.54 91 95.65 1101 99.49 I 71 96.52 c 51 
64 93.95 91 94e17 C 81 95e69 81 95e63 c 61 96.70 1111 97.56 1101 
65 93.40 81 940411 I 91 98029 71 98055 ' 91 98.0l I Ill 97059 ' 91 
DIS• 1.1370 dt. 131 
1.0 Year 
63 98045 ' 81 95.69 81 97.94 I Bl 98.55 I 91 100091 ' 71 99077 ' 51 
64 99025 ' 91 99072 81 10Jo02 I 81 101026 c 61 101976 1111 103032 1101 
65 99091 I 81 100044 91 104006 I 71 102075 I 91 102.29 I Ill 103080 I 91 
66 98093 1101 96079 1101 102028 I 71 99.49 llOi l06o l 7 I 81 103042 1111 
DIS• 2.'JJ377 dt. 179 
1.5 Year 
63 110042 I 81 109031 I 81 109085 I 81 112 0 26 I 91 109069 I 71 112026 I 51 
64 108.11 I 91 108068 c 81 108.58 I 81 110.23 I 61 108068 1111 ll l o53 1101 
65 107.47 I 81 109.47 " 91 109087 I 71 110009 I 91 108001 I 81 lllol9 I 91 66 107.56 1101 107 e92 110 I 109.11 I 71 109075 1101 lllo60 I 81 1110&0 1111 
l!J!S - 1.2254 dt - 179 
2.0 Year 
63 l ll o80 61 110.a2 31 112077 I 51 111. 50 31 110043 I 51 110091 31 
64 110023 81 113003 41 110049 I 81 113. 70 31 109091 1111 112060 61 
65 109098 61 113.49 61 112001 I 61 114062 71 111.92 I 61 114030 71 
66 11201& 31 110006 I 61 110005 I 71 111o30 91 111o25 I 71 113041 61 
DIS• 2.2120 df - 117 
2.5 Year 
63 113087 61 lllo92 I 31 114· 85 I 51 l15e65 31 112.e2 I 51 112060 31 
64 l ll o20 61 114030 I 41 112· 59 I 71 115031 31 lllo02 1101 113028 61 
65 112039 61 115051 I 51 113032 I 61 114042 61 113008 I 51 113091 61 
66 110023 31 109055 I 61 llOoOl I 71 112037 71 112088 I 71 112081 61 
DIS • 2."394 dt - 107 
3.0 Year 
63 115041 81 116073 I 71 114093 81 117060 91 114044 I 71 115031 31 
64 l14ol3 91 117004 I 51 1120 60 61 118068 41 ll2o 79 1111 119099 71 
65 ll3o87 31 111.22 I 61 ll 5o 11 51 116096 61 112058 I 41 117003 81 
66 115024 71 113.38 I 51 l llo90 71 112 06 7 51 115.09 I 71 114091 71 
PMS • 1.9556 df - 130 
3.5 Year 
63 115057 81 116036 I 71 114037 I 71 118002 91 115064 I 71 115040 31 
64 ll2o l8 91 116094 I 5 I 110095 I 61 118049 41 110092 1101 120005 6i 
65 ll lo50 41 115099 I 61 115006 I 51 117 o 80 51 113003 I 41 1160 54 71 
66 114055 71 112090 I 41 111 o 79 I 71 113079 51 115095 I 61 ll4o33 71 
PMS • 2.1772 df - 124 
4.0 Year 
63 118023 61 115 082 I 81 117023 I 71 119030 71 117 o 56 71 1190 78 51 
64 1140 37 71 118032 I 71 114048 I 71 118 0 26 51 114083 81 120061 71 
65 115050 41 117031 I 81 117068 I 61 118 0 78 61 ll4o33 81 ll 7o 74 71 
66 116068 51 115040 I 31 l18o6l I 21 l16e l l 71 116 0 36 71 111. 82 81 
DIS • 2.3825 dt - 128 
4.5 Year 
63 118015 61 116029 71 115.95 61 118 o l 9 6) 117034 61 118082 51 
64 113021 71 116094 71 ll4o34 61 117085 41 113085 81 120075 71 
65 115012 4) ll 7 o05 71 117000 61 117064 61 114058 81 ll 7o60 71 
66 111 oeo 51 117026 I 31 ll 9o 63 31 l1Boeo 81 116036 71 118080 Bl 
PMS • 2.2775 df - 123 
al40·day weaned. 
b240·day weaned. 
0 creep-f'ed 2~ay weaned. 
dAge at measurement. 
TABLE XVII 
AVERAGE WIDTH AT HOOKS (CM) ORCOWS:FEQ(DIFFERENT 















2'"974 c 81 
29e69 I 91 
dt • l,32 
81 29.46 81 
91 32.67 81 
81 32e48 91 
dt - 131 
63 36e70 I 81 34.57 81 
35.52 Ill 
37e56 I 91 
34.84 1101 
dt. 179 
64 36e37 I 91 
65 39.03 I 81 
66 35elt8 110 I 






























1!J!S •• 8156 
63 47el8 
64 48e l4 
65 46el0 
66 46e84 
























4lel4 I 81 
44.06 I 81 






42.62 I 61 
di' • 117 
61 45.55 I 31 
61 48e45 I 41 
61 47e65 I 51 
31 43e30 I 61 
dt • 107 
81 49.89 I 71 
91 49.47 • 51 
31 48e38 I 61 
71 46e63 I 51 
dt - 130 
81 48.91 I 71 
91 51.40 I 51 
41 50.03 I 61 





di' - 124 
47e46 I 81 
50.03 I 71 
50e64 I 81 
48e93 I 31 
df - 128 
61 48.94 I 71 
71 50.47 I 71 
41 50e40 I 71 
51 50.03 I 31 
di' • 123 
8 JJiO-day weaned. 
b24Q-day weaned. 
cCreep-fed 24o-day weaned. 




27•62 I 81 
27e97 I 71 
211) Deys 
32e08 I 91 
34e44 I 81 
33e78 I 71 
1.0 Year 
38e48 I 81 
37•02 I 81 
38e53 I 71 




















45•21 I 51 
45e72 I 71 
44•74 I 61 




















48.15 I 71 
49•02 I 71 
49e06 I 61 
49•78 I 21 
4,5 Year 
50e37 I 61 
47•96 I 61 
48e26 I 61 




27e89 I 61 
28e75 I 91 
32e86 1101 
33e57 I 61 
33e35 I 91 
36e49 I 91 
35e68 I 61 
37.53 I 91 
35.94 1101 
44e011 I 91 
44el9 I 61 


















































I. . n 
29e.B2 I 71 
27e6B 1111 
28e67 I 81 
35.37 I 71 
34.75 1111 
34e32 I 81 
39e40 I 71 
37e56 1111 
39e37 I 81 
38.03 I 81 
43e72 I 71 
45.00 1111 
43e40 I 81 





I 5 I 
1111 
I 6 I 
I 71 
44e90 I 51 
44.79 1101 
45e41 I 51 
45e21 I 71 
48e29 I 71 
46e96 1111 
46e60 I 41 
47e31 I 71 
48e55 I 71 
48.38 1101 
46•73 I 41 



















28e04 I 51 
21. 76 1101 
29 •. 35 I 91 
33e62 I 51 
34.69 110 
34.65 1. 9! 
37e54 I 51 
36.72 1101 





























































AVERAGE IENGTH OF'. RUMP (PHOTOGRAPHIC IN CM) OF COWS FED 
DIFFERENT LEVEIS OF PREWFANING NU'IRITION 
rrt..-Brd. 'IJ.04 Angwi l40 HeretoZd 2/l)b Angwi 211) Hereford 21/Xlc .lnguB ~ Hereto1,d 
fear 
Bom I ·n 1 n I n I· n I. n I n 
140 Dq11d 
63 30.00 I Ill 27..94 8.1 28·64 91 '27.46 I 81 31.02 I 71 28.89 I 41 
64 29.52 I 81 29.57 71 29•21 71 29946 I 51 29.71 1101 29.21 I 91 
65 27.46 I 81 2.8.64 91 21.39 71 ·29.30 I 91 21.39 I 71 29.06 I 91 
66 25•71 I 81 26.96 I 71 28•12 71 27.94 I 91 28.41 I 81 29.62 1111 
DE - .7275 dt .• 165 
211) Dq11 
63 29.52 I 81 28 •. 98 I 81 32•16 I 81 30.19 I 91 31-20 I 71 29.46 
I 5) 
64 29963 I 91 30.79 I 81 33.43 I 81 30.48 I 61 33•65 1101 32.51 
I 81 
65 28.89 c 81 29.49 c 91 ·3 l• 93 c 71 32.9.6 I 91 33.43 I 81 32.73 c 91 
66 30.68 ClOI 30.411 110 I 31.85. I 71 32.51 1101 33•11 c Ill 34.82 1111 
DIS• .8351) dt - 176 
l.O Year 
63 32.10 I Ill 30.89 81 33•14 1101 30.19 I 91 31-20 I 71 
36.83. I 51 
64 30.33 I 91 33.74 71 29·84 I 81 31-96 I 61 32.21 1111 34.74 
1101 
65 32006 cu 29063 91 34ol0 I 71 34ol4 c 91 32022 I 81 33.16 I 91 
66 34.41 1101 32.33 1101 34072 I 71 33.93 1101 35019 I 71 36032 
1111 
lie - l.)li68 dt - 17' 
l..5 Year 
63 3!1o87 I Bl 34.92 81 34043 I 91 35084 I 91 33002 I 61 33•52 
I 51 
64 32048 I 91 34.29 81 33033 I 81 35034 I 61 32•28 C.111 34•16 
1,101 
65 35.33 I 81 35970 I 91 33•78 I 61 35049 I 81 35002 I 81 
35027 I 91 
66 36o91j 11.01 36.57 ClO I 36028 I 71 37.97 1101 37046 I 81 
311044 .1111 
H • .9562 dt .• 177 
2.0 Year 
63 35056 61 35.98 31 36049 I 61 38.94 .I 31 35043 I 41 
38977 31 
64 3306? 81 36.83 41 37.33 c Bl 30.48 I 31 34.9B 1111 34.92 61 
65 36•40 61 36022 51 35•62 c 41 37ol4 I 41 35056 I 51 36 .• 51 41 
66 35013 31 34•92 c 61 35.o56 I 71 36·54 I 91 34043 I 71 n.ea 61 
DIS • 2 .1il32 dt - 107 
2.5 t:ear 
63 34062 61 35056 31 35056 I 61 39.10 31 33·68 51 
35.56 31 
65 31-32 61 36.06 51 33044 I 61 36.61 61 35005 
51 34.71 61 
66 35.39 31 35.34 61 36•83 I 71 36.10 71 34.5Q 
61 37078 41 
DIS • l.. 6872 dt - 75 
3.0 Year 
63 35•81 81 39.55 71 34ol3 I 81 39008 91 
33020 I 71 35ol3 31 
64 34029 41 37.84 51 34.29 I 61 38.10 41 
35.05 1101 38.64 71 
.65 34029 31 ·37.59 61 34.54 I 51 39ol5 61 
32006 I 41 36.83 81 
66 38082 71 38ol0 I 51 33.05 I 71 40069 51 
34.29 I 11 39000 71 
l!J!S .. l. 7159 dt - 124 
3.5 Year 
63 38035 81 39.40 I 71 39• ll I 71 40.16 91 36.68 
I 1i 37008 31 
64 36026 91 38ol0 l 51 36•83 I 61 '39.37 41 36090 1101 
39.58 61 
65 37046 41 37.04 I 61 36·83 I 51 38.60 51 
34.92 I 41 37084 71 
66 36.46 71 37046 I 41 34010 I 71 35005 51 
35064 I 61 36.83 71 
DIS• l.4710 df - 124 
4.0 Year 
63 37938 61 390 i8 71 38ol0 I 71 39.51 71 
36046 71 39092 51 
64 35001 71 37.19 71 33074 I 71 41004 51 
34060 81 37.73 71 
65 35043 4·1 36048 81 38025 I 51 39.90 61 
36051 81 34•68 71 
66 40.13 51 38052 I 31 38ol0 I 21 41.18 71 
36ol0 71 4t.75 81 
DIS• 2.1991 df - 126 
4.5 Year 
63' 37.04 61 38042 I 7l 37080 I 61 37.84 I 51 35.56 
'I 61 39·11 I 51 
64 34076 71 39.55 I 71 34.92 I 61 38.10 I 41 
38ol0 I Bl 4t.29 I 71. 
65 34022 41 38ol0 I 71 35098 I 61 39ol5 C· 61 
35087 I 81 36·83 c. 61 
66 3506} 51 35o9B I 31 38094 I 31 37027 I 81 
37070 I 71 38044 I 81 
l!J!S a 1, 5301 df - 121 
8 140-clq weaned. 
b ' 
21,0-clq weaned. 
0creep-fed 21,lFciq weaned • 
. dAge at measure-.t. 
74 
TABLE XIX 
AVERAGE LENGTH OF OODY (PHOTOGRAPHIC IN CM) OF COWS FED. 
DIFFERENT LEVELS OF PREWEA.NING NUTRITION 
Trt.-BN. WAngua .l/I) lim'efOl'd ·.2'1lb Angus 2JI) Hereford 2J/XJC Angus 2JIXJ Hereford· 
!ear 1 n 1 n 1· n l· n 1· n 1 n ,lllm 
lJtO llap d 
63 61030 I 81 61059 81 6lo80 I 91 64070 ii 63068 c 71 6lo91 c 41 
64 63050 I 81 62041 71 62077 I 71 62073 !ii 63062 1101 64091 I 91 
6!5 64045 I 81 66074 91 62095 I 71 63058 91 63031 I .71 6!5ol9 I .91, 
66 65024 I 81 60034 I 71 6!5067 I 71 62037 91 6!5056 I 81 ·67o49 1111 
DIS • 2,0938 df'•J.65 
2i.o Dqs 
63 64048 I 81 62048 I 81 67097 c 81 62059 I 91 .64o33 c 71 69008 C !II 
64 69085 I 91 67024 1. 81. 70032 I 81 71003 I 61 7!5086 1101 69037 c 81 
61) 71027 I 81 680!58 I 91 74020 c 71 72ol0 I 91 74093 I 81 72o9!5 c 91 
66 71057 1101 69054 ClOI 77094 I 71 73o!53 1101 7!5o40 I 81 7508!1 1111 
DIS• 2,9937 dt .. 176 
l •. o Year 
63 70029 I 81 69094 c u · 72089 1101 69070 I 91 78084 I 71 74016 I !II 
64 76020 c 91 73oll I 71 78026 I 81 74021 I 61 77081 1111 78o2!5 1101 
6!5 74054 I 81 77089 I 91 77065 I 71 7!5o77 I 91 79021 I 81 77055 I 91 
66 76ol4 1101 7!5o94 1101 80062 I 71 78ol5 1101 82029 I 71 79094 1111 . 
DIS • 2.7312 dt. 179. 
1.5 Year 
63 88036 I 81 85066 81 87023 I 91 87091 I 91 89032 I 61 91oZ3 I !ii 
64 84061 I 91 82055 81 82096 I 81 8!io97 j 61 84083 Ull 87o.63 1101 
6!5 8So.09 I 81 87057 91 8!5085 I 61 89005 I 81 85097 I al 91"60 I 91 
66 IJ0o49 1101 81028 no 1 84090 I 71 83026 ClOI 81075 I 81 113024 1111 . 
1!118 • 2. 7162 dt. 177 
2.0 l'ear 
63 9lo60 61 87020 I 3.1 9lo01 I 61 920~8 31 9lo94 I 41 93013 I 31 
64 87063 81 87094 I 41 82055 I Bl B9o'32 31 85o!IO 1111 86078 c 61 
65 83060 61 89oBl I 51 89040 I 41 B6o36 41 88029 I 51 9lol2 I. 41 
66 84066 31 a2012 I 61 9lo91 I 71 83oll 91 89044 I 71 86036 I 61 
!!MS • 5,2962 df. 107 
2.5 Year 
63 86069 61 86078 I 31 88018 I 61 89032 31 BBo64 !ii 90.67 31 
65 82097 61 86061 I 51 84024 I 61 87054 61 87ol2 !ii 8!5093 61 
66 &8·o05 31 83010· 1 61 89037 I 71 85063 71 87020 61 83o!IO 41 
l!MS .,3.7216 df. 75 
,3.0 Year 
63 90026 81 88064 I 71 90017 I 81 91.94 91 92o4!1 I 71 95o2!5 I 31 
64 93066 41 94038 I 51 89053 I 61 95o2!1 41 94031 ClOI 96ol9 .I 71 
65 ·94040 31 92062 I 61 94023 c 51 90017 61 94093 I 41 no12 I 81 
66 93003 .71 90001 I 51 94030 I 71 88074 51 92027 I 71 92020 I 71 
l!JIS • .3. 9388 dt•l.24. 
.3·5 Year 
63 90o.93 c 81 93o2!i .71 93000 c 71 96046 91 92o.92 I 71. 9;;2;--nr-:--
6!+ 85o'r3 I 91 90093 51 83•82 I 61 93"21 41 . 89091. 1101 94074 I 61 
65 87094 I 41 92096 61 90006 I 51 90ol7 51 92071 I 41 89037 I 71 
66 92041 I 71 ~ 88026 41 90020 I 71 93047 51 92096 I 61 91oOT I 71 
DIS • .3·.3119 df. 124 
4.0 Year 
63 96o·30 I 61 93021 c 71 96026 I 71 · 99o l6 71 97028 71 94038 I 51 
64 93.43 I 71 93072 I. 71 93061 I 71 93o9B 51 930$0 Bl 97079 I. 71 
65 97,40 I 41 95047 I 81 9"lo02 I 51 93026 61 95088 Bl . 94059 I 71 
66 9lo4.4 I 51 92028 I 31 95088 I 21 93.25 71 96oU 71 ·94o29 I 81 ' 
liJ!S D 4,2572 dt. 126 
4,5 Year 
63 9lo44 61 88090 I 71 90059 I 61 96001 51 91086. 6.1 . 88039 51 
64 9·2o02 71 94027 I 71 90084 I 61 95075 41 91928 Bl 93079 71 
65 93olS 41 96.ol5 I 71 96081 I 61 92092 61 9!5o47 81 98042 61 
66 96067 51 9'3o l'3 I 31 98021 I 31 96029 81 94•01 71 97069 81 I 
:i!Jls • 3.7)29 df. 121 
ali.o·day weaned. 
b2i.cJ·day weaned. 
cOreep-fed 2i.o-ciay weaned. 
·· dAge at measurement. 
75 
TABLE XX 
AVERA.GE DISTANCE FROM CHEST TO FIDOR (PHOTOGRAPHIC 
IN CM) OF COWS FED DIFFERENT IEVEIS 
OF PREWEA.NING NUTRITION 
Trt..-Brd. ]#la Angus :U.O Heretord 211.J6 Angus 211.J Heretord 21{JCC Angus 2J,OC Hereto!'.4 
teer t t t'· t t . !: Bo n n ,n n n n 
:U.O llqsd 
63 46.03 Ill 46.03 81 44•16 91 46.99 81 46001 c 71 45.40 I 41 
64 43.49 81 43.83 71 43• 18 71 46022 51 42.29 1101 43.03 c 9! 
65 45.56 81 45043 91 44.45 71 . 45.80 91 44.45 c 71 46•14 I 91 66 44.13 81 ' 42.81 c 71 42.81 71 43.18 91 43·81 I 81 43.91 Ill·_ 
DIS • ·77l5 dt • l.65 
211.J Dqe 
63 41·91 I 81 42.86 I 81 43• ll c 81 44.67 I 91 42.111 c 71 44.60 c 51 
64 46000 c 91 46.19 C Bl 46022 I 81 46.90 c 61 44.95 1101 46.99 I 8 
65 44092 c 81 47.13 I 91 47.53 c 71 47041 c 91 46·35 C Bl 47.55 c 91 
66 43.81 .C 10 I 43.56 1101 43.90 c 71 44.14 1101 450011 c 111 45.48 1111_ 
DIS• ,J.328 dt - 176 
1.0 Year 
63 44.06 c 81 46.19 81 43043 1101 45.72 I 91 43•72 c 71 43.19 c 51 
64 49•05 I 91 50.07 71 47•62 c 81 51·13 c 61 47.33 CUI 51.05 1101 
65 46003 c 111 47027 91 46099 I 71 48068 I 91 45072 c 81 49024 I 91 
66 43056 1101 43025 1101 44026 I 71 43.96 1101 44.59 I 71 45.11 1111 
1!J!S • .5879 dt. 179 
1.5 Year 
63 50.32 I 81 50.41 81 50.03 91 50.ao I 91 49ol0 c 61 51o20 c 51 
64 48.62 I 91 50.48 81 4B·26 81 52.49 I 61 48.14 I 111 5lol3 1101 
65 49.46 c 81 49.47 91 49.95 61 50.41 c 81 49.21 I Ill 49.81 I 91 
66 47.11 1101 50.16 1101 47053 71 49.02 1101 411.119 I 81 49.59 1111 
l!MS • .5676 dt. 177 
2,0 Year 
63 50.96 61 51.22 I 31 50092 I 61 50.37 31 52007 I 41 50080 31 
64 49068 81 53.34 I 41 49.53 I 81 53.76 31 50.33 1111 52.49 61 
65 49.31 61 50069 I 51 5!h24 c 41 50.50 41 49.53 I 51 5loll 41 
66 52.49 31 53.34 c 61 50·9B c 71 52.2i 91 54.42 I 71 52.62 61 
l!J!S • 1.5169 dt. lD7 
2.5 Year 
63 53.12 61 53.76 I 31 53.34 61 54.1a 31 52•32 51 51.64 31 
65 52.10 61 54.86 I 51 54.01 61 53.34 61 50080 51 53055 61 
66 53.84 31 56.30 I 61 53092 71 56.24 71 55.66 61 511.42 41 
EMS • 1.2558 di'. 75 
J,O Year 
63 52.95 BI 53.70 71 51•27 I 81 53.76 91 52·25 I 71 53034 31 
64 47·62 41 5lo05 51 48047 c 61 52038 41 48059 1101 52025 71 
65 53034 31 53004 61 54086 I 51 52028 61 53034 I 41 53.97 81 
66 50069 71 51066 I 51 48076 c 71 50069 51 51.96 I 71 5lo67 71 
EMS • 1.1476 di'. 124 
J.5 Year 
63 5lo27 81 53044 I 71 50061 I 71 53ol4 91 50007 c 71 50037 31 
64 50032 91 53049 I 5) 49031 I 61 53097 41 50029 1101 53046 61 
65 54092 41 56093 I 61 56003 I 51 57065 51 54092 I 41 56.89 71 
66 49038 71 5loll C 41 45035 I 71 5lo30 51 50080 I 61 490 71 71 
EMS• 1,4583 di'. 124 
4.0 Year 
63 5lo64 61 53034 c 71 50080 71 53088 71 5lol6 71 53023 51 
64 51088 71 52097 I 71 50025 71 56o l3 51 51068 81 55051 71 
65 50092 41 53043 I 81 52083 51 53046 61 50o4l Ill 52061 71 
66 49027 51 49095 I 31 50ol6 21 52025 71 50043 71 52038 81 
DIS • 1,2718 di' - 126 
4,5 Year 
63 52049 61 53052 I 71 5t.64 c 61 53084 51 50037 61 53034 51 
64 54061 71 55015 I 71 52062 I 61 56ol9 41 5lo27 Bl 56078 11 
65 44095 41 52043 c 71 47007 I 61 53097 61 43081 Bl 51.64 ~I 66 5lo35 51 5lo64 I 31 5lo05 I 31 50064 81 5lo92 71 52· 73 
EMS .1.1600 d:f - 121 
alll.J-day weaned. 
b211.J-day weaned. 
cGreep-fed 211.J-day weaned. 
dAge at measurement. 
76 
TABLE XXI 
AVERAGE HEIGHT AT WITHERS (PHOTOGRAPHIC IN CM) OF cows 
FED DIFFERENT LEVELS OF PREWEANJNG NU'IRITION 
Trt.-Brd. u.oe. Ang1UI 1J1J Hereford 2406 ,Angue 240 Hereford 240Cc ~ 2400 . Hereford 
fear l n !l!!m 
1 n l n 1 n 1 n l n 
lJIJ Day d 
63 87009 81 89005 81 86086 91 89078 81 89062 I 71 86004 I 41 
64 88042 81 89000 71 88035 71 89066 51 87075 1101 89083 I 91 
65 89085 81 91o 18 91 89037 71 90031 91 89098 I 71 90017 I 91 
66 89047 81 85081 I 71 89062 71 85051 91 91ol2 I 81 90070 1111 
1!M5I· ;;; 1.2960 df • 165 
240 Day 
63 89o2l I 81 87031 I 81 92039 81 9lo44 I 91 93ol8 I 71 93098 I 51 
64 95025 I 91 94077 I 81 99085 81 96009 I 61 911067 1101 98010 I 81 
65 93.82 I 81 94077 I 91 98098 71 98021 I 91 97079 I 81 '911021 I 91 
66 93034 1101 9lo89 1101 96033 71 95037 1101 99085 I 81 97067 I 111 
J!J!5 .. 1.2887 di'. 176 
1.0 Year 
63 97047 I 81 94045 81 98050 1101 96009 I 91 100051 I 71 97053 I 51 
64 103043 I 91 100087 71 105041 I 81 104069 I 61 105029 1111 104039 1101 
65 98042 I 81 99070 91 102007 I 71 101074 I 91 100064 I 81 103051 I 91 
66 98072 1101 96034 1101 103008 I 71 99059 1101 103016 I 71 102013 1111 
J!J!5 • 1.5564 dt. 179 
1.5 Year 
63 lllo3l I 81 108090 81 11le70 91 l ll o42 I 91 lllo97 I 61 lllo50 I 5 I 
64 107004 I 91 107047 81 107015 81 110027 I 61 106068 111 I 108053 1101 
65 107031 I 81 107032 91 108079 61 108068 I 81 107098 I 81 108093 I 91 
66 105028 1101 106062 110 I 107040 71 107013 1101 108058 I 81 108029 1111 
J!J!5 - 1.3632 df - 177 
2.0 Year 
63 lllol6 61 110006 31 113091 I 61 111o76 31 1130 22 I 41 110074 31 
64 109037 81 110049 41 109o·22 I 81 110091 31 ' 108087 1111 110049 61 
65 10604.6 61 109037 51 113022 I 41 1100 80 41 108076 I 51 l10ol7 41 
66 l12ol8 31 111o25 I 61 110085 I 71 ll2ol8 91 112095 I 71 112018 61 
J!J!5 • 2 .3098 dt - 107 
2.5 Year 
63 110070 61 110049 c 31 112039 61 112060 31 110099 51 110091 31 
65 108079 61 112052 I 5 I 110070 61 112039 61 108086 51 111o33 61 
66 l ll o 33 31 lllo76 I 61 110096 71 113093 71 112060 61 114093 41 
IMS • 1.9591 di' - 75 
3.0 Year 
. 6' 112071 Bl 112077 71 l llo60 I Bl 115.14 91 112066 I 71 113.03 31 
64 107.95 41 112.01 51 10Bol6 I 61 113.66 41 110061 1101 116.04 71 
65 113045 31 ll5ol4 61 115057 I 51 ll4oOB 61 113003 I 41 114061 Bl 
66 113006 71 110008 1 51 109032 I 71 110.1B 51 112023 I 71 lllo65 71 
EM3 - 2.0671 di' - l24 
J.5 Year 
63 113012 Bl ll3o6B I 71 111094 I 71 1150 28 91 114059 I 11 112086 31 
64 110006 91 ll3o28 I 51 109000 I 61 114061 41 110049 1101 1140 30 61 
65 113098 41 115 099 I 6) 116058 I 51 ll7oB5 51 113034 I 41 117031 71 
66 l ll o 19 71 109053 ( 41 107095 I 71 110099 51 113003 I 61 lllo57 71 
D!S - 1.9536 di' - l24 
4.0 Year 
63 1120 lB 61 113075 I 71 ll4o 40 I 71 116 0 58 I 71 1140 84 71 114055 51 
64 114040 71 117 o 02 ( 71 113°039 I 71 117085 I 51 lllo91 Bl 1190 56 71 
65 113053 41 115 o4 l I 81 116028 I 51 115090 I 61 112064 81 ll4o51 71 
66 115057 51 113045 I 31 116020 I 21 116047 L 71 115057 71 1150 50 Bl 
D!S m 1.8076 di' - J26 
4.5 Year 
63 114030 61 112077 I 71 112060 I 61 1160 07 51 114030 61 114004 51 
64 ll 2o84 71 ll6o5B ( 71 1130 66 ( 61 117•15 41 1120 71 81 119038 71 
65 110055 41 114066 c 71 1140 72 c 61 116062 61 110055 81 114093 61 
66 114045 51 114030 c 31 115099 I 31 115066 BI 1160:33 71 115 0 25 Bl 
D!S m 2.0199 di' - J21 
alJIJ• day weaned. 
b240-day weaned• 
0creei>-i'ed 240-d,ay weaned. 
dAge at measurement. 
77 
TABLE XXII · 
AVERAGE HEIGHT AT HOOKS (PHOTOGRAPaic IN CM) FOR cows 
FED DIFFER.ENT LEVEIS OF PREWEANING NUTRITION 
Trt,.-Brd. lJIJa Angus lJIJ Hereford 240b Angus. 240 Hereford .211Xc Angµs 2400 Hereford 
fear ! n ! D ! n t· n ! n ! ii Born 
140 nat1 
63 85024 81 89085 81 86086 ·I 91 90032 81 89008 I 71 88058 I 41 
64 85088 81 88017 71 85092 I 71 89ol5 51 85047 1101 89ol8 I 91 
65 87066 Bl 91.80 91 89.66 I 71 9lo44 91 89ol9 I 71 91.72 I 91 
66 87~47 81 86072 I 71 87063 I 71 86007 91 89005 I 81 89066 1111 
IHI • 1.8525 df' • 165 
240 De¥ 
63 88.04 I 81 85.59 c 81 89094 81 92056 c 91 90046 c 71 94038 c 51 
•64 92.00 I 91 93066 I 81 96052 81 94095 I 61 95e37 1101 95040 c 81 
65 93075 I 81 94040 I 91 95072 71 97093 I 91 96061 I II I 98007 I 91 
66 92096 1101 92032 1101 95061 71 96052 1101 97079 I 81 .98ol3 1111 
DIS • 1·4595 dt. 176 
1.0 Year 
63 92.39 I 81 93034 81 96026 1101 96066 I 91 96062 I 71 97028 I 51 
'64 100083 I 91 99035 71 102033 I 81 102015 I 61 101083 1111 104.74 1101 
65 97094 I 81 99070 91 99024 I 71 100075 I 91 100001 I 81 102087 I 91 
66 96079 110 I 96057 1101 lOlo 74 I 71 98052 1101 99060 I 71 100088 1111 
DIS • 1.4287 dt. 179 
1.5 Year 
63 106083 I 81 106087 81 108017 91 10902.2 I 9"1 109000 I 6.1 110038 I 51 
64 104050 I 91 107050 81 1040 55 81 110027 I 61 105098 1111 . 109047 1101 
65 106004 I 81 106076 91 107023 61 108 052 I 81 1060 77 I 81 106025 I 91 
66 103037 110 I 105086 1101 104e32 71 107001 1101 105088 I 81 108094 1111 
DIS • 1.5539 df. 177 
2.0 Year 
63 108062 61 108079 I 31 110036 61 111o33 31 110036 I 41 113003 31 
64 107031 81 111.12 I 41 106068 81 llOo 74 31 106044 I 111 l lOo 27 61 
65 103071 61 107049 I 51 108045 41 1100 n 41 109052 I 51 l08ol4 41 
66 109064 31 109043 I 61 107076 71 109078. 91 109094 I 71 110091 61 
lHl • 3.2888 dt. 107 
2.5 Year 
63 109.43 61 110091 I 31 110040 61 115040 31 110049 51 lllo33 31 
65 106~68 61 114004 I 51 109085 61 113024 61 108071 51 l llo 76 61 
66 105.o83 31 107044 I 61 106068 71 109087 71 106025 61 113034 41 
1!J!S • l. 9591 df. 75 
3.0 Year 
63 109037 81 11lo76 I 71 108026 I 81 114•01 91 110041 I 71 110091 31 
64 106068 41 1100 74 I 51 105041 I 61 111o76 41 107013 1101 llZ.84 71 
65 109022 31 112094 I 61 11lo50 I 51 1160 20 61 lllol2 I 41 ll 3o 18 81 
66 109029 71 109052 I 51 107058 I 71 110054 51 109029 I 71 11lo86 71 
1!J!S = 2. 7264 dt. 124 
3,5 Year 
63 109098 Bl 113~42 I 71 ilOo30 I 71 1140 72 91 l llo 14 I 71 115 0 57 I 31 
64 108003 91 lllo04 I 51 106025 I 61 110000 41 106055 1101 1120 73 61 
6'5 108026 41 112060 c 61 109022 I 51 112052 51 108026 c 41 lllo 39 7) 
66 109058 71 109085 I 41 106013 I 71 108071 51 109022 I 61 11lo76 71 
!!MS • 2.3812 df. 124 
4.0 Year 
63 107052 61 108096 71 109058 71 112048 71 ll0o67 71 115046 51 
64 109058 71 111050 71 108078 71 113069 51 108026 81 1140 77 71 
65 109060 41 ll2o6l 81 lllo81 5 I 112094 61 109037 81 110088 71 
66 110013 5 I 110006 I 31 110049 21 112066 71 109.76 71 ll3o82 81 
EMS • 2.6J,31 df • 126 
4.5 Year 
63 114008 61 112066 I 71 110049 I 61 116048 51 110091 61 117009 51 
64 108031 71 112048 c 71 106068 I 61 113003 41 106036 81 114084 71 
65 109085 41 112066 I 71 l llo 76 I 61 113003 61 109085 81 112060 61 
66 109•52 'II 109022 I 31 112043 I 31 112023 81 110052 71 113006 81 
EMS• 2.3590 df - 121 
8 :U.O-day weaned. 
b240-day weaned. 
cGreep-fed 2411-day weaned. 
dAge at measurement. 
~LE XXIII 
AVERAGE SEX, AGEa, AND CROSSBRED CORRECTED WEANING WEIGHT (KG) OF 
CALVES FROM COWS FED DIFFERENT LEVEI..S OF PREitlFANING NUTRITION· 
Trt.-Brd. 
b - - . - - - c -- -- - - -- - d 
140 Angus 140 Hereford 240 Angus 240 Hereford 240C Angus 240C Hereford 
Year 
Born X n X n 
1 63 151.8 (6) 153-9 (3) 
•64 179-5 (6) 162.5 (4) 
1 65 156.o (6) 167.8 (5) 
1 66 159.6 (3) 123.2 (6) 
EMS = 60.7845 . df = 107 
1 63 215.4 (8) 189.1 (7) 
1 64 195.1 (9) 184.5 (5) 
1 65 164.9 (4) 171.8 (6) 
1 66 178.9 (8) 145.0 (4) 
EMS = 74.9510 df = 126 
1 63 224.0 !6l 192.0 (7) 
1 65 18b.1 4 170.9 7) 
1 64 191.9 .7 178.1 !7) 
166 200.0 (5) 196.2 3) 
EMS = 96.6700 df = 121 
a Corrected to 205 days of age. 
b 140-day weaned. 
c240-day weaned. 
d Creep-fed 240-day weaned. 
X n 
Calf Crop 1 
147-2 (6) 
. 172.4 (7) 
·.,_ 162.2 (6) 
160.8 (7) 

















































AVERAGE 140 DAY WEIGHT (KG) OF CALVES FROM COWS FED DIFFERENT LEVEIS 
OF PREWFANING NUTRITION 
Trt.-Brd. a b c ll+O Angus 140 Hereford 240 Angus . 240 Hereford . 24QG Angus 240C Hereford 
Year 
Born X n 
1 63 125.8 (6) 
1 64 125.6 (6) 
1 65 115.5 (6) 
1 66 107.4 (3) 






1 63 139.4 (8) 118.3 (4) 
1 64 165.2 (9) 127.4 (5) 
1 65 114.9 (4) 125.3 (5) 
166 119.6 (8) 117.1 (4) 
EMS = 45.4534 df = 116 
1 63 161.8 (5) 147·4 (7) 
1 64 1J+2.2 (7) 134.3 (6) 
1 65 99.7 (4) 110.0 (7) 
166 135.8 (5) 132.5 (3) 
EMS = 60.6125 df = 117 
a 140-day weaned. 
b 240-day weaned. 
c Creep-fed 240-day weaned. 
X n 





Calf Crop 2 
138.4 (8) 
11+3. 7 (6) 
127.5 (4) 
110.0 (6) 















125 .5 (4) 









127 .9 (4) 
114.6 (7) 



















AVERAGE 140 DAY CONDITION SCORE OF CALVES FROM COWS FED DIFFERENT 
LEVELS OF PREWF.A.NING NUTRITION 
Trt.-Brd. a ~o Aggus 140 Hereford b 2!f.O Augus 2!f.O .·Hereford c 2!f.OC Angus 
Year x x x x x Born n n n n n 
Calf Crop 1 
1 63 8.6 (5) 7.0 (3) 8.5 (6) 9.0 (3) 8 .4 (5) 
1 64 8.8 (6) 9.4 (5) 9.0 (6) 
'65 9.0 (5) 8.8 (5) 9.6 (5) 8.7 (3) 8.2 (5) 
1 66 9.3 (3) 8.5 ( 6) 9.0 (7) 9.0 (6) 8.7 (7) 
EMS = .2497 df = 83 
Calf Crop 2 
1 63 
1 64 8.8 (9) 10.0 (5) 9.2 (6) 9.8 (4) 8.9 (9) 
1 65 9.3 (3) 9.2 (5) 9.0 (3) 9.4 (5) 9.0 (3) 
1 66 8.0 (8) 8.0 (4) 7.7 (6) 7.4 (5) 7.8 (6) 
EMS = .0899 df = 107 
Calf Crop 3 
1 63 9.4 p~ 9.0 (7~ 9.2 (5~ 9.0 (6) 9.2 ~6~ 
1 64 9.3 7 9.7 (6 9.3 (6 9.3 (4) 9.1 8 
1 65 9.5 ~2) 9.0 (5) 6.o (6J 6.6 (5) 6.o (8~ 
1 66 8.6 5) 7.7 (3) 9.5 (2 7.3 (6) 8.8 (6 
EMS = .1462 df = 107 
a 140-day weaned. 
b 240-day weaned. 









8.0 ~~~ 9.3 




AVERAGE 140 DAY CIRCUMFERENCE OF HEART GIRTH (CM). OF GALVEr FroM COWS FED 
DIF'F'ERENT LEVELS OF PREWEANING NUTRITION 
a b - c Trt.-Brd. 140 An.gus 140 Hereford 240 Angus 240 Hereford 240C Argus 24QC Hereford 
Year - -
Born X n X n 
1 63 121.8 (5) 
1 64 113.4 (6) 
1 65 112.5 (6) 
1 66 115.1 (3) 
EMS = 6.0162 df = 88 
1 63 
I 64 122 • 5 ( 9) 
1 65 112.7 (3) 
1 66 114.3 (8) 








1 63 124.3 (5) 121.0 (?) 
1 64 124.1 (7) 117-3 (6) 
1 65 113.7 (2) 108.7 (5) 
1 66 114.6 (5) 113.5 (3) 
EMS = 14-3382 df = 107 
a 140-day weaned. 
b 240-day weaned. 
c Creep-fed 240-day weaned. 
x n 




111. 7 (7) 













































AVERAGE 140 DAY HEIGHT AT WITHERSa (GM) OF GALVES FROM COWS FED 
DIFFERENT LEVELS OF PREWFANING NUTRITION 
b c -d Trt.-Brd. l40 Argus 140 Hereford 240 Argus 240 Hereford 240c Argus 240c Hereford 
Year - - - - - -Born X n X n X n X n X n X n 
90.5 (5~ 1 63 85.9 (3) 
1 64 86.3 (6 85.l (5) 
1 65 82.3 (6) 82.8 (5) 
1 66 S0.2 (3) 79.4 (6) 
EMS = 2.l387 df = 88 
1 63 
1 64 85.5 (9~ 88.0 (5) 
1 65 82.7 (3 85.2 (5) 
1 66 83.5 (8) 83 .2 (4) 
EMS = 2.l95l df = ll3 
1 63 88.6 (4) 88.4 (7) 
1 64 86.3 (7) 84.2 (6) 
1 65 83.2 (2) 82.9 (5) 
1 66 86.l (5) 86.5 (3) 
EMS = 2.4722 df = l07 
a Actual measurement. 
b 140-day weaned. 
c240-day weaned. 
dCreep-fed 240-day weaned. 
Calf Crop l 






Calf Crop 2 
85.0 (6) 87.0 (4) 
84.l (4) 84.9 (5) 
79.3 (6) 8l. 7 (5) 
Calf Crop 3 
88.7 (5) 87.9 (6) 
87.9 (6) 84.6 (4) 
83.9 (6) 83 .4 (5) 
88.9 (2) 87.l (6) 
87.2 (5) 





















AVERA.GE 140 DAY WIDTH AT HOOKS (CM) OF CALVl!S FROM COWS FED DIFFERENT 
. IEVEIS OF PR»lF.A.NING NUTRITION . 
Trt.-Brd. 1.LDa An,gus lhO Hereford 2tJQb.An,gus 2tJQ Hereford . c 2tJQC . Angus 2tJQC.Hereford 
Year 
Born x n x n x n x n x n i n 
·Calf Crop 1 
'63 30.9 !5l .2B.7 !;l 
30.0 !61 30.0 (3) 30.8 (5) 30.6 (JO 
'64 28.0 6 27.2 27.6 6 
'65 26.1 6) 26.2 26.8 6 26.2 (6~ 25.8 (5) 25.1 (6~ 
'66 26.5 (3) 25.0 (~~ 25.8 (7) 26.3 (9 25.2 (7) 26.1 (4 
EMS = .5255 df = 88 
Calf Crop 2 
t63 
'64 26.6 !9l 28.0 m 29.l n 27-7 ri 29.3 ~9~ 29.7 !~l '65 27.7 3 27.6 27.6 4 .6 5 27.1 3 26.8 '66 26.l 8) 25.2 24.5 6 25.0 . 5) 25.5 (6) 24.3 6) 
EMS = .4193 df = 113 
Calf Crop 3 
'63 29.8 ~4) 29.3 ~~~ 30.0 ~~~ 28.9 (6~ 30.8 (6~ 27.5 (5) '64 27.7 7l 28.9 27.5 27.0 (4 27.5 (8 27-5 n 1 65 25.5 ~~· 26.Q (5~ 26.1 ~~·~ 25.6 (5~ 26.4 ~8~ 24.1 7 '66 27.4 5 27.1 (3 28.1 26.7 (6 28.2 6 27.4 8 
EMS = .5342 df = 107 
a l.40-day weaned. 
b 240-day weaned. 
cCreep-fed 240-day weaned. 
& 
TABLE XXIX 
AVERAGE 140 DAY LENGTH OF RUMPa (CM) OF CALVES FROM COWS FED DIFFERENT 
LEVEIS OF PR»IFANING NUTRITION 
Trt.-Brd. b 140 Angus 140 Hereford c 2~JP. Angus 2~ Hereford 
. d 
2~C Angus 
Year x Born n x n X- n x n x n 
. Calf Crop 1 
•63 28.6 (6~ 28.4 (3~ 27.3 ~~) 30.9 (3~ 27.7 p) '64 26-.2 ~~) 27.0 (4 26.5 6~ 27.l (3 26.7 9) '65 25.8 25.9 (5) 26.7 (6 26.7 (6) 25.8 (3) 
•66 25.8 (3) 26.9 (6) 27.9 (7) 26.0 (6) 26.5 (7) 
EMS = .7696 df = 108 
Calf Crop 2 
(7) •63 28.1 (7) 28.8 (6) 27.4 (7) 28.6 (9~ 26.9 •64 28.2 (9l 2$.2 (5~ 27.6 (6) 27.6 (4 27.5 (9) •65 25.8 (3 27.9 (5 27.2 ~4) 27.6 p) 27.1 (3~ •66 28.3 (8 29.5 (4) 26.5 6) 26.7 5) 27.7 (6 
EMS = .7025 df = 108 
Calf Crop 3 
•63 28.2 p> 28.2 (7~ 29.2 {5) 28.2 (6) 29.2 (6l '64 29.2 29.0 29.0 (6l 28.9 tl 27.8 8 '65 29.2 1~l 27.2 1~l 29.6 (6 27.4 5 28.9 (8 •66 26.8 5) 28.8 (3 30.5 (2 . 27.5 6 28.6 (6 
EMS = 1.2956 df = 108 
~~otographic measurement. 
b 140-day weaned. 
c 240-day weaned. 
d Creep-fed 240-day weaned. 
2~C Hereford 
i n 




28.8 14l 29.2 5 
26.7 (6 
27.4 (5) 






AVERAGE 140 DAY LENGTH OF BODYa. (CM) OF CALVES FROM COWS FED DIFFERENT 
LEVELS OF PRE.WEANING NUTRITION 
Trt.-Brd. b "JdiO Angus 140 Hereford 2!iJ. c Angus 2~ Hereford d 2!J:OC Angus 
Year x Born n x n' x n x n x n 
Calf Crop 1 
'63 65.2 
~~i 61.4 f 3l 64.s ~6~ 6S.2 (3~ 
65.s (5~ 
'64 62.7 5S.6 4 62.2 6 59.7 H) 62.7 ~j) '65 61.6 ~~ 5s.2 5~ 59.9 (6) 55.5 60.5 1 66 59.3 53 .3 ( 6 5s.1 (7) 54.0 (6) 5s.s (7) 
EMS = 3.0574 df = lOS 
Calf Crop 2 
'63 65.5 (7~ 61.0 (6~ 67.s (7~ 63.9 ~t~ 63.4 ~7~ t641 64.6 (9 63.5 (5 64.S (6 66.7 61.1 9 
'65' 5s.s (3~ 60.2 ~~~ 5s.9 ~4) 61.0 g~ 61.S H~ t66 61.0 (S 61.6 59.1 6) 61.0 59.3 
EMS = 2.6295 df = lOS 
Calf Crop 3 
(6) '63 67.s r) 65.0 n 68.3 (5l 64.6 ~ 9~ 64.3 '64 65.6 J~ 61.4 6 65.6 f 6 5s.4 4 61.9 (8l 1 65 61.6 59.9 5 63.3 6 59.7 ~~~ 64.9 (S 1 66 62.5 5) 62.2 3 69.9 2 62.2 66.6 (6 
EMS = 3.3044 df = lOS 
8i>hotographic measurement. 
b 140-day weaned. 
c24Q-day weaned. 


















AVERA.GE DISTANCE FROM CHEST TO FIOORa (CM) OF CALVE) FROM COWS FED 
DIFFERENT LEVEIS OF PR»IF.ANINGNUTRITION 
Trt.~Brd. 
b JdtO Angus 140.Hereford c 2~ AnEjUS 2~ Hereford 
-- ·-. d 
2!tQC AnEjUS 
Year x x. x i i Born n n n n n 
Calf Crop 1 
1 63 44.6 ~6~ 42.8 (3~ 43.8 (6~ 44.9 g~ 43.7 (5~ 1 64 43.4 5 43.5 (4 41.1 (6 42.8 41.6 (9 
1 65 41.7 (6~ 4l.2 p> 42.1 (6) 41.7 (6) 42.8 (3) 
1 66 40.6 (3 42.5 6) 42.5 (7) 41.9 (6) 42.5 (7) 
EMS = .9690 df = 108 
Calf Crop 2 
1 63 ~.7 n 1,2.8 16~ ~.2 ~7l 1,2.6 ~9l 41.9 ~~~ 1 64 43.9 9 43.4 5 43 • 6 6 43 • 5 . 4 4l·9 
1 65 41.1 3 43.9 (5 42.5 4) 43 .2 5) 40.9 (3) 
1 66 413. (8) 42.2 (4) 39.8 (6) }+l.2 (5) 40.0 (6) 
EMS = .9278 df = 108 
Calf Crop 3 
1 63 43.7 15) 44.1 (7) 44.2 (5) 42.8 (6) 43.0 (6) 
1 64 43.0 7l ~.5 (6l 43.0 tl 42.6 m 
43.8 
m 1 65 40.6 2 39.4 p 40.4 6 41.9 39.2 1 66 43.4 (5 43.9 3 43.2 2 44.0 45.7 
EMS = 1.1715 df = 108 
<lphotographic measurement. 
bl40-day weaned. 
c 240-day weaned. 
d Creep-fed 240-day weaned. 
2!tQC .. Hereford 
j(_ n 
rn~ 43.2 42.5 
41.7 (6) 
42.9 (5) 










AVERAGE HEIGHT AT WITHERSa (C~) OF CALVES FROM COWS FED 
DIFFERENT LEVELS OF PRE.w:EANING NUTRITION 
- -- - --
Trt.-Brd. b JltO Ane;us l~ Hereford c 2!:JP A~us 240 Hereford 2 :=a 40C Angus 
Year x ·:x x x x Born n n n n n 
Calf Crop 1 
(5.) 1 63 91.0 ~6~ 89.3 (3~ 88.0 (6~ 90.2 (3) 90.4 '64 85.3 5 84.8 ~~) 85.6 (6 83.4 (3) 84.4 ~9) 1 65 82.1 . (6) 82.3 85.3 (6) 81..7 (6) 83 .4 3) 
1 66 83.0 (3) 84.2 (6) 84.0 (7) 82.6 ( 6) 82.0 (7) 
EMS = 2.3780 df = 108 
Calf Crop 2 
1 63 88.1 ~7) 86.4 ~6~ 85.5 (7~ 88.2 ~i~ 87.9 ~~~ 1 64 88.3 9) 86.4 5 87.5 (6 85.1 85.9 
1 65 84.7 (3) 87.9 (5) 86.7 (4~ 87.4 (5) 84,7 p> 
1 66 86.o (8) 83.2 (4) 80.4 (6 82.6 (5) 84.5 6) 
EMS = .4714 df = 108 
Calf Crop 3 
~~j 
1 63 89.7 
i~l 88.4 ri 89.9 p~ 86.4 (6) 88.5 1 64 88.2 87.0 6 89.3 6 83.~ (4) 87.9 '65 85.7 ~~ 83.3 5~ 84.7 ~6~ 85.6 ~~~ 85.7 (8 1 66 86.6 85.8 3 88.6 2 86.1 88.9 (6 
EMS = 2.1624 I df = 108 
8Fhotographic measurement. 
b 140-day weaned. 
c240-day weaned. 
d Creep-fed 240-day weaned. 
2~C Hereford 
x n 
92.3 (J~ 84.0 (6 
81 .• 3 (6) 
84.1 (5) 
82.6 ~l~ 86.7 
$8.6 (5) 
81.5 (6) 
85.6 ~~~ 85.6 




AVERAGE HEIGHT AT HOOKSa (CM) OF CALVES FROM COWS FED 
DIFFERENT LEVEI.S·OF PRNNEANING NUTRITION 
b -- - --- - - d -
Trt.-Brd. !Jz,O Angus 1.40 Hereford 2/it A!!E!jUS 2~ Hereford 2~C A!!E!jUS 
Year i x. ii x i x Born n n n n 
90.0 (6) (3l 
Calf Crop 1 
1 63 88.5 88.9 r) 90.2 (3i 88.l (5l 
1 64 85.8 p> 85.7 1~ 
85.9 6~ 85.5 ~3 84.8 ~9 
1 65 81.9 6~ 83.6 83.8 6 83.4 6 83.4 3 1 66 79.6 (3 84.5 82.2 7) 83.2 (6) 80.7 (7) 
EMS = 2.3585 df = 108 
Calf Crop 2 
t 1 63 87.0 n 87.8 r) 86.8 17~ 90.9 (9~ 87.6 1 64 87.0 9 87.6 5~ 87.5 6 90.0 83.5 9) 1 65 80.4 3 86.4 5 83.7 4 86.9 1~) 82.1 3) 
166 84.5 8) 85.1 (4) 81.1 (6 82.8 5) 84.7 (6) 
EMS = 1. 71+75 df = 108 
1 63 
88.8 n 91.1 n 88.ia15rp 3 90.0 
m 88.5 n 1 64 86.4 7 86.o 6 05,.7 6 85.7 5 4 8 165 83.8 2 83.8 5 85.3 9 85.3 82.6 8 1 66 87.4 5 89.2 3 85.5 2 86.9 87.3 6 
EMS = 2.8140 df = 108 
8I>hotographic measurement. 
b 140-day weaned. 
0240-day weaned. 








86.4 13l 87.0 4 
88.1 5) 
80.7 (6) 






AVERA.GE BIRTH DATEa OF CALVES FRDM COWS FED 
DIFFERENT LEVEIS OF PREWEANING NUTRITION 
Trt.-Brd. 
b . c d 
140 Angus 140 Hereford 240 . Angus 240 Hereford __ 24QC ___ A_ngu.§. 240C Hereford·· 
Year 




1 66 76.7 
EMS = 63.0687 























•63 93.8 (6) 94.7 (7) 
•64 72.9 (7) 77.7 (7) 
•65 101.3 (4) 87.7 (7) 
1 66 86.2 (5) 103.3 (3) 
EMS = 80.3409 df = 120 
8nay of the year. 
b 140-day weaned. 
c240-'lnfeaned. 
dCreep-fed 240-day weaned. 
:X n :X n :x n x. n 
100.8 (5) 110.0 (3) 
87.9 (9) 84.8 (6) 
72.8 (5) 85.0 (6) 
Calf Crop 1 
104.8 (6) 104.7 (3) 
87.7 (7~ 83.0 P' 83.8 (6 104.3 6) 
86,7.(7) 87.3 (7) 73.1 (7) 85.2 (5) 
•V 
95.9 (7) 115.0 (3) 
98.1 (10) 86.8 ~6~ 
101.0 (4) 87.0 7 
81.1 (7) 83.0 (7) 
Calf Crop 2 
83.6 (8) 84.2 (9) 
87.3 (6~ 74.3 ~4~ 
83.3 ~4 83.4 5 
68 .5 6) 92.8 (5) 
I I 
93.3 (6~ 81.4 (5) 
79.4 (8 73.3 (7) 
Calf Crop 3 
93.7 (6) 83.0 (6~ 
74.7 (6) 82.3 (4 
80.6 (8) 82.0 ( 7) 
103.3 (6) 92.1 (8) 
86.0 (6) 79.0 (6) 
75.5 (2) 94.1 (7) 
00 
'° 
Trt.-Brd. a ~O Angus 
Year x Born n 
1 63 27.5 (6) 
1 64 24.9 ~6) 
t 65 25.7 6) 
1 66 25.7 (3) 
EMS = .3163 df = 105 
1 63 30.1 (8) 
'64 29.2 ~£~ '65 25.5 
1 66 25.0 (8) 
EMS = 1.9669 df = 122 
'63 32.0 (5) 
'64 30.8 (7) 
'65 22.7 ~4) 
1 66 25.9 2) 
EMS = 2.7288 df = 118 
a 140-day weaned. 
b I 240--day weaned. 
TABIX-xx:xv· 
A VERA.GE BffiTH WEIGHT (KG) OF CALVES FROM COWS FED 
DIF'F'ERENT IEVEIS. OF PREWFANING NUTRITION 
140 Hereford b 240 A!!fjUS 240 Hereford c 240c Angus 
x n x n x n x n 
Calf Crop 1 
31.0 (3) 27.1 (5) 28.6 (Jl 28.5 (6) 
28.6 (4~ 26.7 (7~ 30.9 (3 24.8 ~§~ 25.5 (4 25.7 (6 26 .• 5 "(6 . 28.0 
25 .4 (5) 23.7 (7) 25.7 (7) 25.6 (7) 
Calf Crop 2 
25.2 (8) 27.4 (7) 28.0 (3) 30.5 (7) 
29.7 (5~ 29.2 ~10) 29~0 (4) 29.9 (4) 27.3 (4 25.5 4) 29.0 (6) 27.2 (5) 
21.9 (6) 21.f,7 (7) 21.2 (3) 24.0 (5) 
Calf Crop 3 
34.0 (5) 34.0 ~6) 34.7 (7) 31.5 (6~ 
32.7 ~~~ 32.0 (~~ 34.1 (7) 32.8 (4 26.$ 28.6 27.9 (7) 26.5 (6) 
29.3 (6) 30.9 (5) 33.3 (3) 32.4 (7) 









29.9 (7~ 22.0 (7 





AVERAGE.PERCENT CALF CROPa OF COWS FED DIFFERENT 
LEVEIS OF ~ING NUTRITION 
Trt.-Brd. 
b - - - c- - d 



























df = 17 
100.0 !8l .  9 
87.5 8 
90.0 10) 




























Calf Crop 3 
75.0 18) 87.5 - 8) 
100.0 6) 
42.9 7) 
~ercent of cows to give birth to calves. 
b -140...day weaned. 
c 240-day weaned. 









100.0 l9l 83.3 6 
100.Q 8 







































AVERAGE PERCENT CALF CROPa OF COWS FED DIFFERENT 
IEVEIS OF PREWFANING NUTRITION 
Trt.-Brd. b c d . 140 Angus 140 Hereford 240 Angus_ ?.40_lleJ'_e.fQrd ____ gl.i.Qc _ AnmML ~- g4oc Hereford 
Year 
Born X n 
163 75.0 (8) 
1 64 88.9 (9) 
1 65 75.0 (8) 
166 30.0 (10) 
EMS = 257.34 df = 17 
1 63 100.0 l8l 
1 64 100.0 9 
1 65 50.0 8 
1 66 80.0 10) 
EMS = 105.58 df = 8 
1 63 75.0 18) 
1 64 77.8 9) 
1 65 50.0 8) 
166 55.6 (9) ' 
EMS = 238.03. df = 17 
X n 




87.5 l8l 74.4 7 





















~ercent of cows to give birth to live calves. 
b lWJ-day weaned. 
c 240-day weaned. 








































AVERAGE PERCENT CALF CROP WEANED OF COWS FED DIFFERENT 
LEVEIS OF PREWEA.NING NUTRITION 
Trt.-Brd. a b c MO ___ Ap.gu,s ____ ]_4Q __ He~efo!'(i _g._40 _Angus 240 Hereford 240C Angus 240C Hereford 
't"ear 
Born X n 
•63 75.0 (8) 
•64 66.7 (9) 
·~ ~.o (~ 
•66 30.0 (10) 
EMS = 232.49 df = 17 
•63 100.0 18l •64 100.0 9 
•65 50.0 8 
•66 80.0 (10) 
EMS = 168.98 df = 17 
•63 75.0 (8l 
•64 77.8 (9 
•65 50.0 (8 
•66 55.6 (9) 
EMS = 298.78 df = 17 
al40-day weaned. 
b 240-clay weaned. 
X n 








100.,0 ( 7) 
87.5 (8) 
37.5 (8) 
cCreep-;-fed 240-day weaned. 
X n 
Calf Crop 1 
66.7 16) 
87.5 8) 
85 •. 7 7) 
100.0 (7) 
Calf Crop 2 
100.0 18l 75.0 8 
71.4 7 
85.7 (7) 



































60.0 15) 60.0 10) 
44.4 9) 






Trt.-Brd. a ;Jd;i;O Angus 
Year 
Born x n 
'63 2.4 (6) 
'64 4.1 (6) 
•65 3.6 (6) 
•66 4.1 (3) 
1 63 6.4 (8) 
1 64 5.4 (9) 
•65 2.9 (4) 
1 66 4.1 (7) 
1 63 6.6 ( 6) 
•64 6.1 (7) 
1 65 3.8 (4) 
1 66 6.2 (5) 
a 140-day weaned. 
b 240-day weaned. 
TABLE XXXIX 
AVERA.GE 24 HOUR MILK PRODUCTION OF COWS FED DIFFERENT 
LEVE1S OF PREWEA.NING NUTRITION 
~O Hereford b 240 Angus 240 Hereford 24occ Angus 
x. n x n x n x n 
Calf Crop 1 
2.8 (3) 3.4 (5) 3.2 (3) 2.6 (6) 
3.4 (4) 4.1 (7) 4.1 (3) 4.0 (10) 
3.8 (5) 4.0 (6) 3.5 (6) 3.3 (5) 
3.3 (5) 4.5 ' (7) 7.2 (7) 2.0 (7) 
Calf Crop 2 
6.1 (7) 5.4 (7~ 5.6 (8) 5.4 (8~ 3.8 (5) 5.1 (6 4.5 (4) 4.6 (10 
4.4 (6) 4.6 (5~ 4.4 (5) 4.1 (4) 3.5 (4) 3.9 (7 4.5 (5) 4.0 (7) 
Calf Crop 3 
4.9 ( 7) 7.4 (5) 5.6 (5) 6.5 (7) 
5.6 ( 7) 6.1 (6) 5.4 (4) 6.2 (8) 
3.6 (7) 5.0 (6) 4.0 (6) 4.5 (8) 
4.1 (3) 6.0 (2) 11.7 (9) 6.1 (7) 
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